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One of the most prevalent of cognitive dysfunctions associated with closed head 
injury is impaired_memory function. The cmwnt study examined qualitative and 
quantitative aspects of learning and memory to define the effects of mild head injury in 
comparison to moderate and severe head injury and a sample of normal controls. 
Forty five survivors of severe (n=15), moderate (n=15) and mild (n=15) closed 
head injury were compared with age and education matched controls (n=15) on the 
California Verbal Learning Test (CVLT) and the Wechsler Memory Scale (WMS). On 
CVLT learning trials, head injured groups recalled less than controls, with the severely 
head injured showing poorest recall. Proportion improvement in recall between trials did 
not differ across groups. After a delay, moderate and severe groups recalled a lower 
proportion of words that they had learned earlier than did the control or mild groups. 
Across le8:rning trials, head injured groups used semantic clustering less than 
controls, but after equating groups in terms of the number of possible clustered responses 
the mild and moderate did not differ from severe or control groups. After a delay, the 
severe group used semantic clustering less than the control, mild and moderate groups. 
The severe group showed a significantly higher proportion of intrusions than controls after 
a delay. All groups were affected by proactive interference. 
On the WMS, head injured groups demonstrated a lower MQ than controls. On the 
Logical Memory subtest, moderate and severe groups recalled fewer idea units than 
controls. All groups showed sensitivity to the semantic structure of prose passages. 
X 
Results of the present study confirm earlier findings that severely head injured 
patients demonstrate globally impaired memory functioning. The severely head injured 
group showed impairments in learning and memory across both quantitative and qualitative 
measures, demonstrating a less effective learning strategy. Although mild head injured 
subjects learned information at a lower rate than the controls, their ability to retain and 
retrieve information learned was not significantly impaired. The pattern of clustering 
responses observed across trials indicated that the severe group was unable to actively 




The National Hospital Discharge Survey reported that the total number ·of 
discharges and deaths following head injury for 1987 was estimated at 341 thousand males 
and 188 thousand females in the United States (Graves, 1989). Similar rates have been 
found across other industrialized countries (Richardson, 1990). Determining the actual 
frequency of head injuries is difficult since many minor injuries are unreported or dealt with 
through family doctors (Bond, 1986). It has been estimated that head injuries are quite 
common, affecting from two million (McAllister, 1992) to eight million (Parker, 1990) 
people in the United States each year. 
The incidence of head injury varies with age, gender, social class, and alcohol use 
and abuse. More than 75% of head injury cases in the United States in 1987 were 
sustained by individuals 44 years and younger (Richardson, 1990), with a peak incidence 
between 15 and 24 years (McAllister, 1992). Roughly twice as many men than women are 
subject to head injury, with exception of the very young and those past the age of 45. In 
addition to suffering from more injuries than women, men are also .more likely to sustain 
more serious head injuries (Levin, 1989). 
In addition to age and gender, a higher incidence of head injury is found among 
those with lower socioeconomic status (Rimel, Giordani, Barth, Boll, & Jane, 1981). 
Richardson (1990) reported that the majority of cases of head injury are caused by motor 
vehicle accidents, with the most severe fonns of injury a result of motorcycle accidents. 




Alcohol consumption and abuse is a significant predisposing, and often 
contributing factor in cases of traumatic head injuries (Richardson, 1990). Rimel et. al, 
(1981) documented the blood-alcohol level of 538 patients with minor head injury and 268 
patients with severe head injury. Forty-three percent of those in the minor head injury 
group and 84 percent of the severely head injured group were found to have alcohol in their 
blood upon admission. The blood alcohol levels varied respectively, in that those in the 
severely injured group had a higher blood-alcohol level than did those in the minor head 
injured group. A positive blood-alcohol finding creates difficulty when assessing the 
patients clinical state as excessive alcohol consumption can have an additive effect with post 
traumatic amnesia (Parker, 1990), which could render estimations of the duration of PTA 
inaccurate, and lead to lower scores on the Glasgow Coma Scale, both of which are 
measures utilized in determining the severity of head injury (Richardson, 1990). 
Pathophysiology of Head Injuries 
The brain can be divided into distinct pai1s: telencephalon, diencephalon, 
mesencephalon, metencephalon (pons and cerebellum), and the myelencephalon (medulla 
oblongata) (Carpent.er & Sutfo, 1983). The telencephalon is the most developed in humans 
and is the center for higher functions. The cerebral hemispheres and the basal ganglia are 
two of its major structures. The cerebral hemispheres are two large structures divided by 
the median longitudinal fissure and comprise most of the brain matter. The brain's surface 
is made of gyri (convolutions) and sulci (fissures). The lateral fissure and central sulcus 
divide each cerebral hemisphere into the frontal, parietal, temporal, and occipital lobes. 
The cortex, composed primarily of cell bodies, is the. outer gray layer of the cerebral 
hemispheres. The inner layer, white matter, is composed of myelinated axons. The corpus 
callosum is composed of axons that pass from one hemisphere to the other. Much of the 
base of the brain is also occupied by the telencephalon. 
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The second division of the brain is the diencephalon, located between the cerebral 
hemispheres. The thalamus (main sensory relay center) and hypothalamus (temperature 
control, emotional states, and autonomic nervous system) are two principle structures of 
the diencephalon. The mesencephalon is referred to as the midbrain, and is located 
between diencephalon and pons. The mesencephalon, together with the pons and medulla 
oblongata form the brainstem, which extends down from the base of the brain to the 
foramen magnum of the skull. The pons and cerebellum make up the fomth division of the 
brain. The cerebellum is located under the occipital lobe and is concerned with equilibrium, 
muscle tone and the coordination of voluntary muscle activity. The last division of the 
brain is the medulla oblongata which becomes continuous with the spinal cord at the 
foramen magnum. 
The live brain is fragile, delicate tissue with a compact gelatinous consistency 
(Joseph, 1990). It is cushioned by several membranes between it and the hard inner shell 
of the cranium. The pia mater is the innermost membrane that adheres to the brain smface. 
A webl:ike fibrous membrane, referred to as the arachnoid membrane lies next to the pia 
mater. The cerebral-spinal fluid filled subarachnoid space lies between the arachnoid and 
the tough leathery outer membrane termed the dura mater. In addition to shielding the brain 
from the skull, the dura mater sends folds into the cavities of the brain, which partly 
encompasses and supports various portions of the cerebrum. For example a portion of the 
dura mater (falx cerebri) juts down between the cerebral he~ispheres and gives rise to the 
tentorium cerebelli which provides support for the occipital lobes. Although it appears 
smooth on the outside, small bony protrusions and cavities compose the inside of the skull 
(Joseph, 1990). 
Direct impact, shaking, and penetration are major sources of initial brain trauma 
(Parker, 1990). Head injuries have been distinguished between those in which the integrity 
of the brain has been violated by a foreign object, and injuries where no violation has 
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occun-ed (McAllister, 1992). "Open" head injuries, also called missile or penetrating head 
injuries, involve direct penetration of the skull, as in a gunshot or missile wound. Damage 
to brain tissue frequently is concentrated along the path of the object or missile, creating 
local or focal lesions, resulting in relatively circumscribed and predictable intellectual 
deficits (Lezak, 1983; McAllister, 1992). Additional damage may be encountered as a 
result of shock waves, edema, inflammation, and early post traumatic seizures (Parker, 
1990). 
The vast majority of head injl;tries are termed "closed" head injmies, also described 
as nonmissile, nonpenetrating injuries (McAllister, 1992). The skull consists of flat and 
sharp surfaces intruding between or adjacent to brain areas such as the frontal lobes. As a 
result of severe trauma, for example a violent blow against a stationary skull (static injury) 
or a moving skull hitting against a hard object (acceleration/deceleration injury), the brain 
may move inside the skull, hit a flat surface, resulting in a contusion or bruise. Brain 
scratches or lacerations (often to the frontal and temporal lobes) may result when the brain 
rotates on one or more of the sharp surfaces inside the skull. The structure and strength of 
the dura mater, the dense and inelastic membrane sun-ounding the brain, may lead to cuts or 
bruises in the brain as a result of acceleration and/deceleration forces or brain swelling. A 
cu~ to the corpus callosum which connects the two cerebral hemispheres is a common 
acceleration/deceleration injury, while increased fluid volume causes the brain to be cut as it 
herniates through the dura mater. 
Injuries are usually divided into diffuse or focal types, or most commonly, a 
mixture of these patterns (McAllister, 1992; Bernard, 1991). Focal brain injuries in which 
one specific part of the brain is damaged produce lesions large enough to be visualized with 
the naked eye (Parker, 1990). Several potential sites of cerebral contusions and lacerations 
have been distinguished. A contusion may occur directly beneath a fracture site or site of 
impact ( coup lesion), or may occur contralateral to the site of impact ( contrecoup ). The 
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coup/contrecoup lesion occurs when a sharp blow to the head dents the skull, causes 
bruising of the brain directly under the site of impact, then sends the moving brain to hit the 
immediately opposite side of the skull, where additional bruises occur (Bernard, 1991). 
Contrecoup le.sions occur primarily in the frontal and temporal lobes (Parker, 1990), an~ 
are also associated with diffuse injury. 
Brain mov~ment within the skull produces lacerations and contusions in the 
sphenoidal ridge area which gives rise to damage in both the frontal and temporal lobes 
(Richardson, 1990). The temporal lobe and undersurfaces of the frontal lobe are 
vulnerable to focal lesions due to their proximity to uneven, ridgelike smfaces in the frontal 
and basal portions inside the skull (Bernard, 1991). Contusions on the anterior and 
inferior suifaces of the frontal and temporal lobes may result from swirling motions of the 
brain impacting on these bony protuberances. Intracerebral hemorrhages ( often in the basal 
ganglia), rupture of cerebral vasculature, and contusions are subsumed under focal lesions 
(Bernard, 1991). 
Diffuse brain injuries are tl1e most common type of closed head injury (Bernard, 
1991; Parker, 1990). Both cerebral hemispheres, the brainstem and the cerebellum may be 
damaged. Diffuse injuries may result as a consequence of a shaking effect caused by 
inertia, rapid acceleration, deceleration and/or rotational acceleration of the brain. For 
example, as the brain is swirled about from rotational movement, the neocortical surface 
will become contused, sliced and sheared by bony protrusions, particularly in the frontal-
temporal regions, but also in the cortical and brainstem regions. In response to rotational 
acceleration and deceleration injuries, the cerebral hemispheres, brainstem, and other parts 
of the brain will move in different directions at different speeds, cause stretching, straining, 
and snapping of axons running throughout the white matter (Joseph, 1990). This injury is 
often characterized by mild or limited period of concussion with loss of consciousness. 
Frequently neurological examination and routine laboratory studies are normal (Bernard, 
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1991). Imaging techniques however may be useful in documenting damage. Lateralized 
damage has been documented with imaging techniques, however with diffuse injury, there 
are no lateralized deficits. Focal damage may be detected in conjunction with diffuse 
damage. If rotational and acceleration/deceleration forces are severe, diffuse microscopic 
damage as well as profound shearing and stretching of the axons may result. This diffuse 
axonal injury (DAI) causes widespread dysfunction of the communication network of the 
brain, and many patients if they survive, end up in a prolonged coma or vegetative state 
(Joseph, 1990). Interestingly, this condition occurs more frequently in the absence of skull 
fractures. 
Classification of Head Injury 
Traumatic brain injury has been classified in terms which reflect general severity of 
the injury. Aside from the nature of the lesion, the severity of the head injury is the most 
important variable in the determination of the individual's improvement (Lezak, 1983). 
Both length of unconsciousness (LOC) (duration of coma), and duration of post-traumatic 
amnesia (PTA) are defining characteristics of head injmies. Determination of the severity 
of brain injury, in as short of time as possible is of fundamental importance in both the 
management of the case and relaying short term prognosis to relatives (Bond, 1986). 
Traumatic injury to the brain may seriously alter or disturb the ability to process, 
retain, star~ information, and recall ongoing events (Joseph, 1990). Following a 
significant head injury, there is usually a period of amnesia which occurs for events taking 
place immediately prior to and after the injury. Since the brain may remain dysfunctional 
for some time after return to consciousness, information processing and memory 
functioning may continue to be impaired for a variable length of time, depending on the 
sevetity of injury. Following return to consciousness, patients may be unable to recall 
anything that has occurred for periods of hours, days, weeks, or even months after injury. 
Immediate recall (ability to register information) may remain intact, however patients 
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continue to have difficulty in the consolidation and transfer of inf01mation from immediate 
to short-term memory, to a more permanent storage in long-te1m memory. These periods of 
disorientation and confusion have been referred to as post-u·aumatic amnesia. 
Post-u·aumatic amnesia has been defined as the length of time from the trauma to 
recovery of continuous memory, or memory for ongoing events (Bond, 1986). 
Determination of continuous memory may include. an assessment of the patients orientation 
(awareness oftime, place, and situation), knowledge of biographical inf01mation and 
circumstances of the injury, knowledge of the examiners name and face, and continuous 
autobiographical mem01y for daily events (Richardson, 1990). 
Length of post-traumatic amnesia (PTA) has been used in the dete1mination of the 
severity of brain injury. The classification of minor or mild head injury has been defined as 
loss of consciousness from less than 5 minutes (Parker, 1990) to less than 20 minutes 
(Mandel, 1989) or as a duration of posttraumatic amnesia from less than one hour 
(McAllister, 1992) to less than 24 hours (Mandel, 1989). The group of patients with 
damage intermediate between mild and severe has been defined at moderately head injured, 
evidencing PTA ranging from greater than 30 minutes to greater than 2 days (Colohan & 
Oyesiku, 1992). The classification of severe head injury has been described with a 
duration of post-traumatic amnesia ranging from greater than 24 hours to greater than two 
weeks (Szymanski & Linn, 1992). A duration of PT A of greater than 7 days is often 
considered to be a severe injmy (Parker, 1990). It is clear that much overlap exists in the 
classification of the severity of head injuries. 
The Glasgow Coma Scale was developed (Teasdale & Jennett, 1974) in order to 
resolve problems of definition associated with head injury, and to facilitate communication 
among hospital staff. The Glasgow Coma Scale (GCS) is the most widely used instrnment 
to describe all posttraumatic states of altered consciousness (Szymanski & Linn, 1992). 
Motor, verbal responses, and eye opening are assessed according to an ordered set of 
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criteria indicating the degree of cerebral dysfunction. The utility of this three dimensional 
system is realized when vision or speech is compromised by factors other than impaired 
consciousness. Furthermore, it can be used repeatedly to provide data not only at the initial 
assessment period, but longitudinally over the course of improvement dming the earliest 
posttrauma period (Lezak, 1983). A coma score with a range from 3 to 15 is calculated by 
summing the highest score in each dimension. The scores range from 3 for an individual 
who is comatose or totally unresponsive, to 15 for someone who is able to open his or her 
eyes spontaneously, obeys verbal commands, and is oriented in speech. The GCS has 
been widely used in classification of the severity of head injuries. A GCS score less than 
or equal to eight is considered to be a severe head injury, a score from nine to twelve is 
moderate, while a score greater than 13 is considered to be a mild head injury (Colohan & 
Oyesiku, 1992). 
In addition to the behavioral rating procedures outlined above, Computed 
Tomography (CT) and Magnetic Resonance Imaging (MRI) are useful in defining brain 
pathology (Eisenberg & Levin, 1989). An abnormal CT scan is rarely associated with mild 
head injuries, but approximately 25% of moderate injuries evidence a positive CT scan. 
With mild to moderate injuries, MRI finds abnormalities more frequently than the CT. 
There is no absolute measure for the classification of the varying degrees of severity 
of head injury (Bond, 1986). The adoption of the GCS has simplified the classification 
process for severe brain injmies, however it does not distinguish among different degrees 
of mild head injury (Williams, Levin, & Eisenberg, 1990). Many individuals with mild 
head injm-y are oriented by the time of assessment and therefore score at the top of the 
GCS, despite having periods of altered consciousness immediately after injury. Impaired 
consciousness is not only indicative of diffuse brain damage, but there also may be local 
damage without alteration in consciousness or amnesia. In addition, lacerations of the head 
are frequent in mildly head-injured patients, and may be considered in definition of a head 
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injury when evidence of brain damage is lacking. It has been suggested (Williams, et. al., 
1990) that additional criteria be established to further differentiate among head injuries that 
do not produce coma. 
Course Of Recovery From Head Injmy 
An immense array of cognitive deficits may be encountered in individuals with TBI, 
however it is possible to describe common themes and patterns. The time interval between 
injury and assessment is an important variable (McAllister, 1992), and Cripe (1987) has 
posited four general phases in recovery of mild to severe closed head injuries: initial loss 
of consciousness or coma stage; the posttraumatic amnestic stage, the rapid recovery stage; 
and the plateau stage. Even though considerable variability exists in all aspects of head 
injury (i.e. mechanics, locus and extent of damage, neurobehavioral consequences), all 
recovery from head injury from the mildest to most severe, advances through each stage 
sequentially. Moreover the time length and demarcation of stages vary depending upon the 
severity and type of injury. Rapid progression will be encountered in milder injuries while 
individuals with more severe injuries remain in each stage for longer periods of time. 
Predictable neurobehavioral symptoms are observed during each stage. In the loss 
of consciousness (LOC) or coma stage, all meaningful cognitive function is absent. The 
individual's alertness may range from barely arousable to total unconsciousness. 
Consciousness may be regained rapidly over seconds or minutes, or gradually over days or 
weeks. The Glasgow Coma Scale is the standard instrume1:1t to monitor the level of coma. 
Consciousness is regained as the individual emerges from coma. The patient enters a phase 
of variable duration refe1Ted to as the period of post traumatic amnesia. During PT A, the 
patient may appear awake, alert and ambulatory, but will be confused, disoriented and have 
problems with memory. This period typically is not remembered by the patient and has 
been characterized by an inability to recall events, sequence time, or learn new info1mation. 
Problems may be slight or more marked, depending upon the severity of the injury. A 
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mental status exam focusing on orientation, attention, memory, and mental control can 
identify the nature and severity of dysfunction. The Galveston Orientation and Amnesia 
Test (Levin, O'Donnell, Grossman, 1979) has been designed specifically to measure the 
PTA phase and includes questions relating to personal, geographic, temporal orientation, 
and memories preceding and following head injury. Administration of comprehensive 
neuropsychological assessments is not appropriate during PT A as these instruments place 
unnecessary stress on the individual, are no more useful than a focused assessment, and 
tend to overestimate the degree of impairment due to impaired higher cortical functioning. 
The rapid recovery phase is also of variable duration depending upon the severity of 
the injury. This phase is characterized by improvement in information processing, 
attention, concentration, orientation and memory functions. With milder injuries, the 
patient and family may believe the patient to be back to normal, however significant 
impairments will be demonstrated under stress. Assessments of informational processing, 
learning and memory, as well as a baseline of overall functioning (intelligence) are 
frequently administered. Progress will level and persistent impairments will manifest 
themselves in the plateau phase. 
Neuropsychological Assessment 
Neuropsychological assessment and conventional psychological evaluation (Lezak, 
1983) are similar in that both study intellectual performance, personality characteristics and 
emotional states. However neuropsychological assessment is distinguished through the 
identification and measurement of psychological deficits, as brain damage is manifested 
behaviorally through deficiencies of intellect, emotionality and control. The loss may be 
subtle, exhibited only on complex judgmental tasks or under emotionally charged 
conditions. Although brain damage generally affects more than one behavioral dimension, 
assessment of psychological deficit has focused on intellectual impairment, as some degree 
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of intellectual impairment accompanies most brain dysfunction and is a diagnostically 
significant fe~ture for most brain disorders (Lezak, 1983). 
To gain a better understanding of the manner in which deficits are examined, it 
would be helpful at this point to review a few instruments utilized in neuropsychologica.l 
examination. Explanations of the following neuropsychological instruments (except where 
noted) were deriv~d from Lezak (1983). 
The Wechsler Intelligence Scales are comprised of individually administered 
subtests in battery format. The Wechsler Adult Intelligence Scale or the Revised version 
(Wechsler, 1981) constitutes a significant portion of the neuropsycholo gical examination, 
and provides information surrounding aspects of the individuals intellectual functioning. 
The test consists of 11 individually administered subtests. Individual items on each subtest 
are presented in order of increasing difficulty. Six subtests compose the Verbal Scale 
which address questions of general knowledge (Information), common-sense judgment 
and practical reasoning (Comprehension), word definitions (Vocabulary), Arithmetic, 
verbal concept formation (Similarities), and immediate repetition of number strings forward 
and backward (digh span). The remaining five subtests comprise the Perfo1mance Scale 
and involve motor manipulation of test items. Digit symbol, a paper/pencil symbol 
substitution task, Picture Completion (indicate what important part is missing from the 
picture), Block Design (a construction test in which blocks are assembled to duplicate a 
geometric pattern), Picture Arrangement (a series of cartoon figures presented in mixed up 
order which when in the correct order tell a story that makes sense) and finally, the Object 
Assembly subtest ( contains cut-up cardboard figures of familiar objects which the subject is 
asked to put together). 
The Wechsler Memory Scale (Wechsler, 1945) is also widely used in 
neuropsychological assessment. The WMS consists of seven subtests: I Personal and 
Cunent Information (i.e. age, birthdate, current president of the United States); II 
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Orientation - questions time and place; III Mental Control examines automatic processes 
(i.e. recite the alphabet) and conceptual tracking (count by threes from 1 to 40); IV Logical 
Memory tests immediate recall of two short paragraphs; V Digit span (similar to the WAIS-
R Digit Span); VI Visual Reproduction requires an immediate recall of simple designs; VII 
Paired Associates tests immediate verbal retention of 10 paired words forming easy (i.e. 
baby-cries) and hard (i.e. cabbage-pen) associations. The Wechsler Memory Scale has 
recently been revised and restandardized (Wechsler, 1987). The WMS-R compensates for 
the deficits of the WMS in that it generates indexes of Attention/Concentration, Verbal, 
Visual, and Delayed memory as well as a General Memory Index. 
The Controlled Oral Word Association Test (Benton & Hamsher, 1978) is a 
measure of verbal fluency which requires the patient to name as many words as possible 
that begin with a given letter of the alphabet (i.e. C, F, L) or category (i.e. animals). The 
patient is asked to say out loud, in a one minute time period, as many words he/she can 
think of that begin with the given letter, with the exception of proper nouns, numbers, and 
the same words with a different suffix. Verbal fluency has been established as a reliable 
indicator of brain dysfunction. In addition, verbal fluency tends to be maintained or is 
unaffected when depressive symptoms mimic organic deterioration (Lezak, 1983). 
The Design Fluency Test (also known as Figural Fluency) is a nonverbal 
counterpart to the Controlled Word Association Test and is also used to examine conceptual 
productivity. The first five minute tri.al (free condition) requires the subject to invent 
drawings that do not resemble actual objects or namable fonns (i.e. geometric figures). 
The second four minute trial (fixed condition) requires drawing as many designs as 
possible utilizing only four straight lines. 
Buschke's Verbal Selective Reminding Test (Buschke & Fuld, 1974) and other 
restricted reminding tests can facilitate the differentiation of memory retention, storage and 
retrieval. The selective reminding task presents a list of words over a series of trials in 
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which the subject is required to recall (in any order) as many words as possible. After 
recall, the subject is provided each word omitted on that trial. Trials continue until the 
subject can repeat the entire list. The restricted reminding task limits repetition of words to 
those not recalled on any trial. A non-verbal analog to the Selective Reminding test is the 
Visuospatial Selective Reminding. 
The Auditory Verbal Leaming Test requires the subject to learn a set of 15 words 
over five trials. After presentation of each trial, the list is repeated. Presentation and recall 
of a second word list precedes a sixth recall trial. Retention may also be examined after a 
delay. 
The Paced Auditory Serial Addition Task (PASAT) is a sensitive test of the 
efficiency of information processing (Gronwall, 1977). It requires the patient to add 60 
pairs of digits such that each is added to the one preceding it. Numbers are presented over 
four trials at rates of 2.4, 2.0, 1.6. 1.2 seconds per trial respectively. A taped presentation 
is necessary to establish precise control over rate of presentation. 
The Wisconsin Card Sort Test was designed to study abstract behavior and the 
ability to shift set (Berg, 1948) . The subject is given a deck of cards on which are found 
different symbols (circle, triangle, star, cross) in red, green, yellow, or blue. The task is to 
place them one by one under four stimulus cards ( one red triangle, two green stars, three 
yellow crosses, or four blue circles) in an attempt to deduce an unspoken "rule" (color, 
fo1m or number) regarding the placement of the cards. The examiner's response indicates 
whether the placement was correct or incorrect. After 10 correct placements, the examiner 
shifts the rule and the patient is required to determine the new principle. The Modified 
Wisconsin Card Sort eliminates all cards from the deck that share more than one attribute 
with the stimulus cards (i.e. red triangle cards). 
The Category Test, a subtest of the Halstead-Reitan Battery (Reitan & Wolfson, 
1985) is a test of concept formation in which the patient is required to note recurring 
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similarity and differences in stimulus materials, postulate and test hypotheses by receiving 
positive or negative reinforcement, and adapt hypotheses based upon this reinforcement. 
In this task, the patient is presented with a series of stimulus figures organized by different 
principles (i.e. location, number, uniqueness). The subject is told that figure will remind 
them of a number between one and four, and their task is to try to figure out the principle 
for each set. For example, the first set requires the matching of Roman numerals (stimulus 
figures) with Arabic numerals. After completion of each set of items, the subject is told 
that the principle in the next set may be the same as the last set or it may be different. Six 
sets of items are followed by a seventh set which is comprised of previously shown items. 
The Trail Making Test, originally part of the Anny Individual Test Battery is an 
instmment measuring visual scanning and conceptual tracking and is quite sensitive to the 
presence of brain damage. Trails A (visual scanning) requires the subject to connect 
consecutively numbered circles. In Trails B ( conceptual double tracking) the subject 
connects the same number of consecutively numbered and lettered circles by alternating 
between the two sequences (i.e. 1-A-2-B-3-C-4-D etc.). 
The Rey-Os~erreith Complex Figure Test examines perceptual organization and 
visual memory. The test material consists of a complex design presented on a sheet of 
white paper which the subjects is requested to copy. Each time the subject completes a 
p01tion of the figure, a different color pen is provided. Immediately after completion of the 
drawing, the subject is unexpectedly asked to recall as much of the design as possible. A 
delayed recall may also be requested. Designs are analyzed in terms of overall 
configuration and attention to details. 
Neuropsychiatric Seguelae of Head Injuries 
Individuals with head injuries are left with an a1rny of neuropsychiatric sequelae 
including physical and sensory impainnent, seizures, personality changes, emotional 
alterations, communication and language deficits, and impairment of cognitive processes 
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(Joseph, 1990). Although an in-depth review of the multiple and varied effects of head 
injury is beyond the scope of this study, prevalent symptoms will be highlighted, while 
more specific cognitive deficits will be illustrated in more detail. 
Personality and Socio-Emotional Adjustment 
Emotional and personality disturbances resulting from head injury may be as, or 
more debilitating than the residual cognitive or physical impairment, and most resistive to 
treatment (Joseph, 1990). Often these emotional and personality changes are a direct result 
of injury to portions of the brain governing personality and emotion. For example in 
severe injuries, an individual may develop psychotic features including schizophrenic-like 
symptoms, hysteria, euphoria, mania-excitement and indifference. These features may 
result from damage to the limbic system, frontal lobes, temporal lobes, or the right padetal 
area. 
Lezak (1983) has elucidated more common disturbances: "Despite residual abilities 
that often are considerable, one combination or another of impaired initiative and apathy, 
lack of critical capacity, defective social judgment, childishness and egocentdcity, inability 
to plan or sustain activity, impulsivity, and low frustration tolerance is likely to render these 
patients unemployable or only marginally employable ... these patients are rarely able to 
form or maintain close relationships so that those who have not been rendered silly and 
euphoric or apathetic by their injuries, are often lonely and depressed as well" (p. 170-
171). At times emotional and personality disturbances are delayed and may increase as the 
individual has progressed in the recovery process, corresponding to an increased 
awareness of their disability. Frequently head injured patients will deny or refuse to 
acknowledge the extent of their deficits (Joseph, 1990). 
Individuals with mild head injuries lack an obvious handicap, and are frequently 
told that they should expect no problems to result from their injury. However these 
patients are at increased risk for depression or emotional distress as the patient and their 
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family do not understand the associated sequelae of minor head injury. Problems with 
irritability, inattention, forgetfulness, apathy and lack of goal directed behavior may be 
regarded as laziness, negativeness~ hostility, or malingering by family who become 
unsupportive and critical of the patient (Bennett, 1987). The patient realized but does not 
understand why things are different. Among feelings of indifference, inability to 
concentrate, difficulties reasoning, and incorrect social responses, the patient begins to feel 
perplexed about the changes they have experienced. These feelings of perplexity can 
become so severe that their mental a.J.?.d emotional changes may become regarded as 
evidence of insanity, or at the least lowered self esteem and lack of confidence. Social 
withdrawal, anger, depression, and impaired coping responses if left unchecked, may 
escalate into a significant psychological disability. 
Communication and Language 
Loss of the ability to communicate, or aphasia, is a common after effect of brain 
injury (Parker, 1990; Lezak, 1983; Joseph, 1990). Dysfunction in communication vary 
with the extent, location of damage, age at injury, and time since injury. Aphasia tends to 
occur the most frequently with severe head injuries immediately after injury, but often will 
improve over time. The left hemisphere has been described as the prime generator of 
verbal ability. However, lesions need not be localized to the left hemisphere as lesions in 
almost the total area of the c01tex can contribute to language disorders. The right 
hemisphere has been established to play a role in the processing aspects of language (i.e. 
recognizing patterns such as words, faces, etc.; melody, emotionality, contextual and 
inferential aspects), and to an extent can substitute for a damaged left hemisphere, 
particularly in young children (Parker, 1990). Several types or syndromes of aphasia have 
been described. 
Nonfluent Aphasia (Broca's Aphasia) is associated with left posterior frontal cortex 
lesions. Broca's aphasia is characterized by sparse, interrupted and awkwardly expressed 
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speech, however comprehension remains relatively intact. Receptive "Wernicke's" aphasia 
results from lesions within the left supelior temporal lobe. Receptive aphasia is associated 
with well articulated, fluent verbal output, however semantic substitutions are typical. In 
additions, cot;nprehension is poor and disturbances in reading, and wliting are common 
(Joseph, 1990; Parker, 1990). Global aphasia is severe impainnent of all aspects of 
language (Parker,.1990). 
Most head trauma victims, after the acute symptoms have subsided, exhibit 
remarkably little deficit on verbal tests (Lezak, 1983). Deficits may be receptive or 
expressive in nature, however, except for anomia (word finding difficulty) overt aphasia is 
rare in outpatient populations. Rather, subtle, subclinical (easily missed) deficits of 
communication such as word retlieval tend to predominate (Parker, 1990), and continue to 
plague the individual after they have seemingly recovered. Dysfunction in reading and 
wliting are among the most vulnerable abilities to brain injury. Embanassment may lead to 
evasiveness in con.tent and manner of speech, or a deliberate attempt to cover-up 
communication deficits. Careful assessment can detect communication problems when the 
patient has "recovered". For example, these deficits may be exhibited as reduced 
comprehension and expression of ideas and information, inability to repeat what is heard, 
and inability to associate verbal meaning with visual stimulation (Parker, 1990). 
Anomia, ( or if less severe, dysnomia) (Joseph, 1990) a type of fluent aphasia, is an 
often subclinical expression secondary to head injury (Joseph, 1990, Parker, 1990). The 
patient has difficulty retrieving names of objects, people, places, and finding words for use 
in conversation. In severe cases, verbosity and circumlocution may replace what ca11not be 
retrieved from memory (Parker, 1990). If dysnomia, or word finding difficulty, is the 
presenting problem, the patient may erroneously desclibe it as a memory deficit. Lesions 
anywhere in the left hemisphere may result in anomia, but if accompanied by problems 
with reading and wliting, the region near the angular gyrus in the posterior left hemisphere 
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is likely implicated (Joseph, 1990). Paraphasias, or the expression of language through 
unintended syllables, words, or phrases may also be present. 
Language deficits are interrelated with cognitive functions (Parker, 1990). Bond 
(1986) states that only a small percentage of the head injured population has residual 
aphasia. However if speech and communication are examined, a process involving both 
speech and cognition, the prevalence rises to 15% to 25%. He maintains that cognitive 
disorganization underlies language and communication difficulties. 
Cognitive Deficits 
Cognition may be defined as the basic ability of the brain to analyze, store, retrieve, 
and manipulate information in order to solve problems (Tromp & Mulder, 1991). All of 
these processes (i.e. intellectual functioning, learning, memory, attention, mental 
efficiency) may be disturbed by traumatic brain injury. 
General Intelligence 
Intelligence, a multifaceted interactive process, involves different types of 
infonnation processing and styles of problem solving (Parker, 1990). Most test batteties 
attempt to provide a picture of the level of an individual's intellectual functioning post 
injury (Bond, 1986). Head injury results in different patterns of intellectual loss or 
inefficiency, including a generalized loss of ability, which ranges from a barely detectable 
deficit to d~mentia. Alternatively, it is possible to lose particular components within the 
context of mental ability, i.e. verbal, spatial, calculations. Intellectual inefficiency on the 
other hand, such as the inability to concentrate, is a deficit of supportive functions. To 
determine the extent of loss of intellectual functioning, it is necessary to establish a 
premorbid, or pre-injury level of functioning based upon their "track record" (Parker, 
1990; p. 352). Factors such as education, occupation, scores/percentiles from tests of 
education and ability (from school records), and personal productions such as art and 
writing may be considered when infe1ring a pre-morbid level of ability. Parker (1990) 
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provides one rule for estimating premorbid IQ: "doctoral level, 125; masters, 120; college 
graduate, 114; high school graduate, 100; 8 years of school completed, 89" (p.353). 
Parker (1990) administered the Wechsler Adult Intelligence Scale-Revised to 161 
head injured individuals at 1-8 months (group I), 9-23 months (group II), and greater than 
23 months (group III) post injury. Demographically, these individuals had a mean age of 
35, and a mean level of education slightly higher than 12 years. The estimated pre-injury 
IQ (based upon level of education) for this demographic pattern was VIQ: 97.4; PIQ: 
98.6; FSIQ: 98.6. Results did not show any significant differences for the head injured 
individuals across any W AIS-R scales. Estimated .pre-injury IQ when compared to overall 
post injury findings (collapsed across time) resulted in deviations of Full Scale: -9.1; 
Verbal Scale: -6.2; and Performance Scale: -12.6. These findings led Parker (1990) to 
conclude that after injury, and over a period of up to 10 years, there is not improvement in 
Full Scale IQ as measured by the W AIS-R. The small advantage of Verbal over 
Performance scores was consistent with all other reports of the effects of traumatic brain 
damage. 
Executive Functions/Mental Efficiency and Control 
Problem solving style, concentration, planning, and behavioral monitoring are 
subsumed under the component functions of mental efficiency (Parker, 1990). Also 
known as executive functions (Lezak, 1983), these capacities enable a person to engage in 
independent, purposive, and self-serving behavior. The frontal lobes, highly vulnerable to 
brain damage, are thought to integrate the system of mental efficiency (Parker, 1990). The 
components of mental efficiency include executive function, selective attention, goal 
setting, planning, initiative, imagination, concentration, monitoring ongoing activity, 
flexibility, foresight and judgment, and speed of information processing. 
Assessment of efficiency and control can be accomplished through representative 
procedures examining deficits commonly observed after traumatic brain injury. Problems 
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selecting an approp1iate response can be appreciated through reduced flexibility or 
perseveration of responses. This refers to the inability to modify performance when 
circumstances change or error is conspicuous (Parker, 1990). Perseveration can be defined 
as the inclination to offer the same response after it is no longer appropriate, combine a new 
task with a previous one, and the inability to turn off a response once initiated . 
. Impersistence, or the inability to persevere at a task until completion; inability to 
concentrate on a task due to distractibility; and improper focus of attention are also deficits 
commonly observed after brain injury. The deficient problem solving style.found in many 
individuals with head injury may be demonstrated by poor standards of performance, 
ineffective ability to recognize errors before or after action is taken, regression (simplified, 
immature, or lacking details), and impaired planning and decision making (trial and error 
vs. preplanning). Poor judgment may be maintained through defective monitoring, 
ignoring feedback by not correcting errors, and inability to recognize errors due to reduced 
cognitive ability, comprehension, visuospatial ability. The inability to learn from 
experience is a common effect of frontal lobe injury (Parker, 1990). 
Deficits in Memory Functioning 
The most frequently cited neurobehavioral sequel of severe closed head injury is 
memory disorder (Levin & Goldstein, 1986). Estimates of persistent memory problems 
after head injury requiting hospitalization range from 43% to 70% for severe injuries 
(Parker, 1990). Memory deficits are also found in individuals with less severe head injury 
(Levin & Goldstein, 1986). The temporal lobe, frontal lobes, diencephalon, and liIT1:bic 
system are all structures implicated in memory. "Since the temporal poles and orbitofrontal 
surface are most susceptible to trauma, and long fibers to shearing forces, the limbic and 
paralimbic areas and their interconnections may have a special vulnerability in head trauma" 
(Parker, 1990, p. 169). Although memory has not been specifically localized, damage to 
the left temporal lobe hampers comprehension and retrieval of verbal meaning. The 
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hippocampus and infratemporal cortex have been implicated with memory for recent 
events. Limbic system lesions may produce generalized memory loss, and may prevent the 
conversion of short-term into long term memories. Difficulty in acquiring short-term 
memories may be produced by lesions of the posterior thalamus (Parker, 1990). 
Memory can be conceptualized as the process of storing and retrieving inf01mation 
and actions for use after different retention periods. Memory dysfunction may be 
demonstrated as the inability to save information from short te1m memory, or retrieve 
information from long-term storage (Parker, 1990). Memory problems may be general or 
more specific, relating to special types of coded information (i.e. verbal or visual). 
It may be helpful at this point to take a brief departure through a theoretical model of 
human memory to gain a better understanding of the processes involved in memory 
deficits. Memory has been traditionally conceptualized via a spatial metaphor in which 
memories are treated as objects stored in specific locations within the mind and the retrieval 
process involves a search throughout the mind in order to find the specific memories 
(Eysenck & Keane, 1990). The multi-store model of memory describes the architecture of 
the memory system as consisting of three memory stores or structures: sensory memory; 
short-term memory (STM); and long-term memory (LTM). Atkinson and Shifflin (1968) 
conceptualized memory as a flow of information through these memory stores. Sensory 
memory is where information is first perceived for a brief period of time (less than one 
second) and allows for storage of raw material long enoug~ for pattern recognition to occur 
(i.e. iconic and echoic). Information from sensory memory is lost unless it is transferred 
through an attentional mechanism which selects and deploys input to short term memory, 
the second memory store. Short term memory holds information cun-ently being processed 
and has a limited capacity of seven plus or minus two units of information. Rehearsal of 
information in short term memory enables information to be transfen-ed into long term 
memory, the third memory store. Information is stored indefinitely in long te1m memory, 
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and can be retrieved for use by short term memory or by encoding of new infonnation 
through short-term memory. Encoding requires attending to and forming a memory code 
of the stimulus. Storage maintains encoded information in memory over time and retrieval 
consists of recovering information from memory stores (Ashcraft, 1989). 
Many research studies have· documented a distinction between STM and L TM, 
primarily through the study of serial position curves from free recall experiments, where 
subjects listen to a list of words or nonsense syllables, and are asked to recall them. 
Typically subjects will remember mqre words from the beginning of the list (primacy 
effect), few from the middle of the list, then more words from the end of the list (recency 
effect). The primacy effect is thought to be a function of LTM, as the subject is able to 
rehearse these words the most, while. the recency effect is attributed to the words remaining 
in STM at the time of recall (Brodie & Prytulak, 197 5) ). 
The term working memory (Daneman and Carpenter, 1980) has been used to refer 
to a more active part of human information processing than does sho1t term memory. 
Working memory has both processing and storage functions. Information becomes part of 
working memory through perceptual encoding, retrieval from long term memory, and as an 
output of a comprehension process that are concurrently operating in working memory. 
W ~rking memory is also of limited capacity and information can be lost through decay or 
displacement with new information. 
The further division of L TM into procedural and declarative memory has stimulated 
a trend from studying verbal learning and retention to studying human knowledge 
(Ashcraft, 1989). Episodic memory is considered to be a personal, autobiographical 
memory store, learned in a specific time and place, and can be reflected in the laboratory 
through the learning of lists of words or nonsense syllables as described above. Semantic 
memory on the other hand, is our permanent memory store of general world knowledge, 
and is relatively independent of the time and place in which it was acquired. The 
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distinguishing feature of a semantic memory task, as compared to an episodic memory 
. task, is that it tests people over knowledge that they already possess. 
Neuropsychological dysfunction of these memory systems can been demonstrated 
in persons with traumatic brain injury. For example, deficits in sensory memory may 
appear as perceptual difficulties, however the information is perceived but not retained for 
processing (Parker, 1990). Problem solving depends upon the integration of short-term 
memory and retrieval of information from long term memory. Difficulties with 
employment, household, and other daily activities are a function of long term memory 
storage. The ability to solve problems and retain directions is a deficit of working memory. 
Deficits in episodic or autobiographical memory may be demonstrated by the presence of 
post traumatic amnesia and retrograde amnesia (loss of information for events prior to the 
accident). Individuals may deny and attempt to conceal their memory loss through 
confabulation or the invention of details (Parker, 1990). 
Deficits in Attention and Concentration 
Much evidence implicates the involvement of the frontal lobes in attentional 
processes (Joseph,.1990), therefore deficits in attention are frequently associated with 
frontal lobe lesions. Individuals with left frontal lesions may not pay attention to details, 
while those with right frontal lesions may demonstrate impulsive tendencies. Attentional 
deficits may also underlie disturbances of memory. 
Post Concussion Syndrome 
Recovery from mild head injury has been estimated to occur between one and three 
months post injury (Ruff, Levin, Mattis, High, Marshall, Eisenberg, & Tabaddor, 1987). 
However Binder's (1986) review of the postconcussion syndrome indicated that 
approximately 50% of patients with mild head injury developed symptoms that persisted 
from 6 weeks, 3 months, to 6 months after injury, while up to one third were symptomatic 
one year post injury. 
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The symptoms of postconcussion syndrome (PCS) include somatic, cognitive and 
affective/behavioral complaints. Headache, dizziness, sensitivity to light and sound, 
fatigue and insomnia are common somatic complaints following mild head injury 
(Davidoff, Laibstain, Kessler & Mark, 1988). Deficits in memory and concentration are 
among the most common PCS complaints (Binder, 1986), as well as impairment in abstract 
thinking and judgment (Davidoff et. al., 1988). Affective disturbances (prominently 
depression and irritability), anxiety, disinhibition, loss of libido, avoidance of crowds also 
have been related as symptoms following mild head injury (Robertson, 1988; Binder, 
1986; & Davidoff et. al., 1988). 
Neurotic reasons, anxiety, or malingering have been explanations of persisting 
postconcussional symptoms (Binder, 1986). It has been also argued that the basis of the 
mild head injured person's complaints is functional, based upon the outcome of pending 
litigation and compensation. However this has not been found to be a significant factor in 
return to work or social recovery (Bennett, 1987). Conversely is has been suggested that 
organic factors play an important, if not exclusive role in the etiology of Post Concussion 
Syndrome (Binder, 1986). 
Mariadas, Rao, Gangadhar & Hegde (1989) have recognized that both organic and 
psychological factors may play a role in the sequelae of PCS, and that it was necessary to 
study PCS as an independent entity. Mariadas et. al. (1989) examined the profile of 
deficits on conventional neuropsychological tests and visual information processing in 
patients with PCS. The patient sample met the following criteria: uncomplicated closed 
head injury with duration of post-traumatic amnesia less than 6 hours; development of three 
commonly found symptoms associated with PCS, including headache, dizziness, anxiety, 
depression, irritability, poor concentration and memory, fatiguability, intolerance to noise 
and insomnia; and absence of confounding neuropsychiatric variables. Sixteen male and 
two female patients (aged 19-58) were tested between 6 to 18 months post head injury. 
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patients and healthy control subjects. Individuals in both the mild head injured groups 
presented with Glasgow Coma Scale score of 13-15 at admission; posttraumatic amnesia 
not exceeding 60 minutes, period of unconsciousness less than 15 minutes; and no physical 
complications. Nine mildly head injured patients with persisting post-concussion 
symptoms were matched for age ( +/- 6 years), gender and educational levels with 9 
symptom-free mildly head injured subjects and 9 healthy volunteers. Testing was 
completed approximately 6 month post injury. Selective attention and divided attention 
were measured respectively via the Stroop Color Word Interference Test and a 
computerized divided attention task. The Stroop Test consisted of three subtasks presented 
on a large sheet of paper. Subtask 1 examined the speed that 100 color names (yellow, 
green, red, blue) are read out loud, while subtest two required naming the color of 100 
dots. In subtest three, 100 color names were presented, but the speed of naming the color 
of the printing ink was the test variable. A color-word interference measure was obtained · 
by subtracting the time needed for subtest two from the time needed for subtest three. 
Comparing the difference. in time to pe1form the interference task with time taken to 
perform the color na_ming or reading task reflects the automatic reading response interfering 
with naming the color of the print ink, therefore the time taken is considered a measure of 
selective attention, such that better selective attention is measured by less inte1ference. The 
computerized divided attention task presented dots at itTegular time intervals within a fixed 
rectangular matrix. The subject was requested to press a button when the dots fo1med a 
square. The memory task consisted of a visual computer-assisted version of the Auditory 
Verbal Leaming Test. Results revealed that the patients with postconcussional symptoms 
had significantly higher interference times on the Stroop Color Word Interference Score, 
and had significantly slower reaction times on the computer divided attention task than did 
the mildly head injured patients without symptoms and the healthy control subjects who did 
not differ. Although the PCS patients recalled an average of 10 less words on the A VLT 
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than did the symptom-free MID and controls, this difference did not reach significance. 
Patients who were symptom-free after an uncomplicated mild head injury did not differ 
from controls in terms of cognitive functioning on tasks presented. The results of this 
study contribute to the evidence that even mild head injury may produce subtle, long term 
cognitive deficits, particularly in impairments of attention and information processing, and 
are most consistently seen in complex or demanding tasks. 
Leininger, Gramling, Farrel, Kreutzer, & Peck (1990) examined 53 patients with 
minor head injuries to determine whether similar neuropsychological consequences occur 
with injuries accompanied by a loss of consciousness versus injuries that result in dazing 
but no loss of consciousness. All patients reported ongoing postconcussive symptoms 
from one to 22 months post injury. Thirty one sustained a bdef loss of consciousness or 
concussion, while the remaining 22 experienced dazing injuries or mild concussion 
consisting of symptoms such as acute disorientation or confusion, with or without 
amnesia, and no loss of consciousness. The majority (90-94%) of injuries were the result 
of motor vehicle accidents. All head injured patients met the following diagnostic criteria: 
head impact accompanied by acute confusion or disorientation, or loss of consciousness 
lasting 20 minutes or less; a Glasgow Coma Score of 13-15 upon admission; and no 
deterioration in neurological status or neurosurgical intervention. Fifty nine percent of the 
mild concussion group and 81 % of the concussion group were pursing litigation. Twenty 
three volunteers were selected for their similarity to the head injured patients in age, years 
of education and W AIS-R vocabulary subtest score to act as a control group. Mild 
concussion, concussion, and control groups were administered the Vocabulary (for 
matching purposes) and Digit Span subtests of the W AIS-R, the Category Test, Trail 
Making Test: Part B, Auditory Verbal Learning Test; Rey-Oste1Teith Complex Figure Test, 
Controlled Oral Word Association, and Paced Auditory Serial Addition Task-Revised. 
Data analysis revealed that head injured patients scored significantly poorer than control 
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subjects of five of the eight neuropsychological tests which included the Category Test, 
P ASAT-R, Auditory Verbal Leaming Test, and both the copy and memory trials of the 
Complex Figure ·Test. No differences were found between the mild concussion or 
concussion groups on any of the measures, suggesting that injuries associated with dazing 
but no loss of consciousness were less debilitating than injuries associated with a brief 
traumatic loss of consciousness. It should be noted that even though most head injured 
patients were pursing claims for litigation, there was no evidence that patients involved in 
litigation obtained different scores th.an non-litigating patients. This bolsters the conclusion 
that differences obtained between individuals with mild head injuries and control subjects 
are a genuine consequence of the traumatic brain injury. A second finding was that 
symptomatic patients tested within three months of injury obtained similar test scores to 
symptomatic patients tested after three months of injury. These findings suggest that mild 
head injuries are not always innocuous, fully reversible conditions which tend to resolve 
within days or a few weeks of injury, but may result in enduring neuropsychological 
imp ailments. 
Other studies have not found a relationship between the presence of postconcussive 
sequelae and memory deficits. The conflicting results may be due to methodological 
differences, i.e. the heterogeneity of the patient groups, different post-injury time intervals, 
nature of the cognitive tests used, (Bohnen et. al., 1992), small sample size, and different 
classification criteria. For example in defining mild head injury within the context of post 
traumatic amnesia, durations ranging from less than 60 minutes (Bohnen et. al, 1992) to 
less than 6 hours (Mariadas, Rao, Gangadhar, & Hegde, 1989) to less than 1 day (Stuss, 
Stethem, Hugenholtz & Richard, 1989) have been used as selection criteria in PCS. 
Alternatively, a PT A duration from 1-24 hours often has been used in description of 
moderate head injury (McMillan & Glucksman, 1987). Clearly, ambiguity exists especially 
when rating mild to moderate head injuries. 
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Neuropsychological Findings 
Willi~.ms et. al. (1990) obtained data from patients who presented with GCS in the 
9-15 range which encompasses the mild to moderate classification of head injury. This 
group was div.ided into three severity groups. The first group labeled the mild CHI gro~p 
presented with an initial GCS score of 13-15, normal CT scan, and either a normal skull x-
ray or an abnormal_ity limited to a linear or basilar skull fracture. The second group was 
labeled as mild CHI with complications and presented, with an initial (and lowest) GCS 
score of 13-15, and radiographic evidence of a focal brain lesion, depressed skull fracture, 
or both. The third group, moderate CHI had an initial (and lowest) GCS of 9-12 with or 
without positive radiological findings. Neuropsychological tests administered after the 
resolution of PT A and after surgical intervention included the Controlled Oral Word 
Association Test, Buschke's Verbal Selective Reminding Test, the Paced Auditory Serial 
Addition Test, and the Continuous Recognition Memory Test. The Continuous Memory 
Recognition Test evaluates the patient's capacity to differentiate recuni.ng pictures of 
familiar living things from distractors that appeared on only a single ttial. The significant 
overall group effects were found for verbal fluency, verbal memory, inf01mation 
processing speed, and recognition memory. The uncomplicated mild CHI group recalled 
more words over ttials, processed information more rapidly, than did the complicated mild 
CHI or the moderately head injured group. Differences between the complicated and 
moderate CHI group were less apparent. Williams et. al. (1990) suggested that the results 
provide justification for refining the classification of patients with mild head injury. 
Although neurological indices of severity (PTA and duration of impaired consciousn~ss) 
disclosed that all complicated mild injuties were more like uncomplicated mild than 
moderate injuties on these measures, three neuropsychological measures (verbal memory, 
rate of information processing, and visual memory) reflected more similar pe1formance 
between the complicated CHI and moderate CHI groups. 
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Eisenberg and Levin (1989) correlated MRI findings with neuropsychological 
function in the acute period and during recovery with 20 mild/moderate head injuries 
(GCS=9-15). Executive functions were measured with tests of Verbal Fluency, Figural 
Fluency, and the Modified Wisconsin Card Sorting Test. Memory function was assessed 
with the Verbal Selective Reminding (Buschke) and the Visuospatial Selective Reminding 
tests. Comparison of CT and MRI lesions by volume showed that focal abn01malities were 
detected by MRI but not CT in some patients. It was also noted that the distribution of 
MRI abnormalities in mild to moderate patients was similar to the distribution of focal 
lesions found by CT in severely injured patients, predominantly frontal and temporal lobes. 
Neurobehavioral test score results showed that patients with both temporal and frontal lobe 
lesions (n=6) had the lowest test scores overall, and more perseverative errors on the 
Modified Card Sorting Test; patients with frontal lobe lesions (n=4) pe1formed poorly on 
design fluency; and those with focal temporal lobe lesions (n=4) showed more difficulty 
with memory. Test scores improved to normal range when tested at one and three months 
post-injury. Interestingly, this improvement coincided with resolution of MRI 
abnormalities. The authors dictated caution in interpretation of these findings in that there 
were few patients in each group (4 in frontal or temporal lobe injury alone). However on 
the basis of these data, the authors suggest that the location of the MRI abnormalities is 
rela~ed to specific neurological dysfunction, and that the abnmmalities represent secondary 
injuries (possibly increased tissue water). It was noted that the pathology of mild to 
moderate injury involves both diffuse insult and multifocal lesions located primarily in the 
frontal and temporal lobes. 
Deficits in attention and speed of information processing are frequeritly described as 
sequelae of closed-head injury (Stuss, Stethem, Hugenholtz & Richard, 1989). The Trail 
Making Test, Paced Auditory Serial-Addition Test, and the Brown-Peterson Consonant 
Trigrams Auditory Short Term Memory Task (CCC) have been reported as sensitive to the 
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information processing deficits in traumatic brain injury. In the CCC, after hearing the 
stimulus material (i.e. the letters VO R), the subject is required to count backwards from a 
given number (i.e. 385) until told to stop at the end of a predesignated time interval, at 
which time the stimulus item is reported. Stuss et. al. (1989) examined mild and a more 
severe-chronic group of head injured patients to determine if the three tests were equally 
sensitive in the identification of information processing deficits in different populations of 
head injury. The first study examined 26 patients with varying degree of traumatic brain 
injury. Severity of TBI was classified according to the following criteria: coma duration, 
duration of posttraumatic amnesia (PTA), Glasgow Coma Scale, and the presence or 
absence of a focal or diffuse mass injury as defined by CT scans. Duration of coma ranged 
from less than 1 day (n=19), 1-7 days (n=5), 30 or more days (n=2). The duration of 
posttraumatic amnesia was derived in a retrospective manner and ranged from less than 1 
day (n=7), 1-6 days (n=7), to 7 days or more (n=9). Testing was completed between two 
and 144 months of injury. 
Study two examined 36 concussion patients who were diagnosed as sustaining a 
mild concussion, were not intoxicated at the time of injury, and were not hospitalized. 
Diagnosis was made within one hour of injury, and minimal unresolved PTA was reported. 
Twenty two of the 36 concussion patients completed the study. Seven of the 22 reported a 
previous concussion. The first test session was completed within 72 hours of injury, 
subsequent sessions at approximately 1 week, two weeks, one month, and three months 
post injury. Each patient was matched for age ( +/- 3) years, education ( +/- 2 years), and 
gender with normal control subjects. 
Results of study 1 indicated that with the more severe injuries, the TBI group was 
significantly slower than the control group with all three measures. Individuals with mild 
concussion (group from study 2) did not differ from controls on the Trail Making Test or 
the PASAT, however performance was significantly impaired on the Consonant Trigram 
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Test, reflecting a divided attention deficit either in speed of processing or the amount of 
information that could be handled simultaneously. The performance of the concussion 
group followed a recovery curve in that performance was most impaired in the first two 
weeks after injury, and approached that of the control group three months post injmy, 
however the concussion group performed more poorly than did the control group across all 
sessions. The lack of impairment found on the P ASAT is contradicto1y to other evidence 
discussed by Lezak, (1983) such that the performance of postconcussion patients is 
consistently below control group averages immediately after injury, with a return to normal 
within 30 to 60 days. 
Several studies have found deficits in attentional processes in patients with post 
concussion symptoms. Bohnen, Twijnstra, & Jolles (1992) compared patients with and 
without post concussive syndrome following mild head injury on a measure of selective 
attention. The authors defined post concussion syndrome as patients with a Glasgow 
Coma Score of 15 upon admission, a period of unconsciousness less than 15 minutes, and 
post traumatic amnesia not exceeding 60 minutes. In addition there were no serious 
pl~ysical complicati~ns, no patients had been intoxicated at the time of injury, had a 
neuropsychiatric history or were involved in litigation. Two groups of mild head injured 
patients were selected from a larger population of patients meeting the above mentioned 
criteria. They were administered a checklist of post-concussive symptoms which included 
headache, dizziness, nausea, irritability, difficulty with concentration and memory, fatigue, 
sleep disturbance, and blurred vision. Group A (n=lO) consisted of 5 men and 5 women 
complaining of PCS 3 months after injury. These were matched with patients who initially 
reported PCS but gradually improved and full recovered by 3 months after injury. All 
patients were administered the Stroop Color Word Interference Test, a measure of selective 
attention at 10 days, 5 weeks, and 3 months after trauma. In addition to the three standard 
subtests on the Stroop Test, (speed of reading color names, naming colors, and color-word 
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inte1ference) a more complex interlerence task was developed where rectangles were drawn 
around 20 words from the third subtest. Instructions were identical to subtest three with 
the exception that the subject was to read the actual printed word in the marked boxes as 
opposed to the print ink. Results indicated that no differences were found with subtests 
one or two, however patients with PCS at three months performed more poorly on the 
Stroop Color-Word-Interlerence measures than did patients without PCS. No differences 
were observed on these measures of selective attention at 10 days and 5 weeks even when 
patients in both groups complained of PCS symptoms. 
Hall & Bornstein (1991) examined patients with minor or mild head injury to 
determine the effects of a less severe head injury on intellectual and memory abilities, and 
to compare with previous studies of patients with severe closed head injury. Twenty two 
patients with minor or mild closed head injury were compared with 22 normal, healthy 
control subjects matched for age, gender (14 men, 8 women), and level of education. 
Skull fractures and hematomas were present in 19% of the head injured sample. Seventy 
three percent of the head injured sample had no signs of posttraumatic amnesia or 
retrograde amnesia at the time of neuropsychological evaluation (minor head injured), while 
the remaining 27 % had posttraumatic amnesia of less than 30 minutes in duration (mild 
head injured). The median time interval between injury and evaluation was two months, 
with a range to 92 months. Approximately 72% of the head injured sample were evaluated 
within 6 months of injury. All subjects participating in this study were administered the 
Wechsler Adult Intelligence Scale-Revised and the Wechsler Memory Scale-Revised. 
Results indicated that the group of patients with mild or minor closed head injury were 
significantly lower than normal controls on all IQ scores and mem01y Index Scores. 
Although these patients had a significantly lower Full Scale IQ than the control subjects, 
further analyses revealed that patients with mild or minor closed head injury showed 
significantly greater impairment in delayed memory when compared to overall intellectual 
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performance, than did the control group whose Delayed Memory Index was greater than 
their Full Scale IQ. It was noted that the results of this study were consistent with the 
findings of previous research with severe head injuries, in that greater impairment in 
memory than intellectual function was present in both severe and a less ·severe head injured 
patients. 
Levin and Goldstein (1986) administered a variety of neuropsychological tests to 
the sample of severely head injured and control patients. The pe1formance of controls 
surpassed that of head injured on virt_ually all tests administered. Control subjects 
performed better than head injured on the Wechsler Memory Scale Logical Memory subtest 
(story memory) at immediate, delayed, and recognition conditions; Paired Associate 
Learning (memorizing word pairs across trials); Trails A and B; Controlled Oral Word 
Association; and obtained a greater prorated W AIS-R Verbal Scale IQ. Severely head 
injured patients did not surpass the performance of control subjects on any test 
administered. However, no significant differences were demonstrated in a Modified 
Wisconsin ·Card Sorting task with either the number of categories obtained or portion of 
perseverative errors; the Logical Memory Subtest after an additional cue was provided; or 
the WAIS-R Similarities subtest. Although no significant differences were found on these 
m~asures, it was noted that all scores were in the expected direction in that the severely 
head injured group obtained lower scores than did the controls. 
Qualitative Differences 
Levin & Goldstein (1986) examined a relatively neglected aspect of memory 
following severe closed head injury, that is the ability to access previously acquired 
semantic information and utilize this knowledge to guide encoding and retrieval of new 
infonnation. This study investigated 12 severely head injured patients from 23-112 months 
post injury. As Glasgow Coma Scale scores were not available for all patients, the index 
of overall severity was based upon estimates of impaired consciousness defined as the 
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interval from injury until the patient first obeyed commands. Duration of impaired 
. consciousness ranged from 2 to 105 days, with only a single patient impaired less than two 
weeks. Patients were matched to normal healthy control subjects in terms of age, gender, 
education level, occupation, and estimated premorbid Verbal IQ based upon demograph~c 
measures. The experimental paradigm required subjects to learn lists of words over 
repeated ttials that :were presented on audiotape at a rate of one word every 2 seconds. 
Word lists consisted of unrelated words, categorically related but unclustered words, or 
words that were categotically related and clustered at the time of input. Lists were 
constructed to avoid encoding and retrieval based upon natural associative links among 
words (i.e. horse-pony). The unrelated list was comptised of 18 nouns from different 
semantic categoties, while both the related but unclustered, and clustered lists contained 18 
nouns, six from each of 3 conceptual categories (house parts, fruits, four-legged animals). 
A cued recall (the first two to three letters of each word) and a recognition trial were given 
upon completion of the fom1h learning ttial of each list Levin & Goldstein (1986) 
hypothesized that if severe closed head injury produces a disruption of semantic memory, 
then severely injur~d patients would be unable to benefit from even the most structured 
strategy (previously clustered). Alternatively if the memory impairment resulted from a 
deficiency in applying active strategies, the learning of the clustered lists should be 
facilitated relative to the unrelated, and related but unclustered list. Perf01mance was 
compared by measuting the number of words recalled over trials for each list of words. 
Results demonstrated that head injured subjects recalled less words (M=6.97) than controls 
(M=12.89). Further analysis revealed that memory perf01mance for the clustered list .was 
better than the unrelated words or related-unclustered words which were not significantly 
different. The pattern of performance for both the head injured and control group was 
viltually identical, suggesting evidence for at least a partially preserved semantic memory 
on the part of head injured subjects. However there was a "trend" showing controls 
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remembering more from the related-unclustered word list while head injured subjects 
showed a slight drop in petf ormance. The results also indicated a group by trials 
interaction - whereby control subjects showed a greater increase across trials than the head 
injured group. Moreover, the control subjects recalled a greater proportion of words in 
both the cued and recognition conditions than head injured subjects. Upon examination of 
categorical clustering, control subjects clustered a greater proportion of words than did the 
head injured patients. Control subjects tended to self-impose clustering in the related-
unclustered word list, while the head injured subjects did not benefit from this strategy. 
Furthermore, the tendency to group words together across trials was examined for the 
unrelated and related-unclustered word lists. Control subjects tended to recall pairs of 
words more frequently than head injured patients on consecutive trials. Lastly, intrusions 
were analyzed in tenns of words from preceding lists and extralist words. Head injured 
subjects had more intrusive errors in comparison to control subjects, to which the authors 
attributed the inability to separate memory stores and screen out inelevant stimuli as a result 
of injury to the frontotemporal region. 
The California Verbal Leaming Test is a relatively new measure of learning and 
memory (Delis, Kramer, Kaplan, Fridlund, & Ober, 1987) composed of stimuli similar to 
that employed by Levin and Goldstein (1986), such that a categorically related-unclustered 
list of 16 words (List A), with four words drawn from each of four semantic categories 
(clothing, tools, fruits and spices/herbs), is presented over several (five) learning tr·ials. 
After each presentation of the word list, subjects are asked to recall as many words as 
possible. Immediately after the fifth learning trial, an interference word list (List B) is 
presented. List B contains four items from each of two semantic categories ·shared with 
List A (fruits, spices/herbs), and four items from two unrelated categories (fish, kitchen 
utensils). Immediately after recall of List B, short delay free and cued-recall trials are 
administered. Semantic cues, in contrast to phonemic cues used by Levin & Goldstein 
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(1986), based upon category membership are provided during cued recall (i.e. clothing, 
tools, spices/herbs, and fruits). After a 20 minute delay, a series of free recall, cued recall, 
and recognition trials are administered. Finally, the CVLT is designed to detect extralist 
intrusions (non-list words) and perseverative responses, both which have been found 
important in delineating brain damage (Lezak, 1983). Several studies have examined the 
CVL T with head injured populations. 
Crosson, Novack, Trenerry, & Craig (1988) compared the performance of 33 
severely head injured and 33 neurologically normal males on the CVLT. Estimates of 
severity were based upon length of coma/and or posttraumatic amnesia and/or CT scan 
demonstrating brain damage. Anticipated deficits included less recall over learning trials, 
failure to utilize semantic clustedng, exhibition of a greater number of intrusive errors, 
decreased recognition of list items and deficits in long term verbal memory. Results 
indicated that the head injured group perfo1med at a lower level across all five learning trials 
than did the control group. No significant between group differences were found for 
perseverations, however a greater percentage of intrusions were found in the severely head 
injured group. The control group also demonstrated a greater ability to cluster responses 
than did the head injured group. List B was examined in the context of pro-active 
inte1ference which is demonstrated when learning one list interferes with learning a 
subsequent list. Recall of the control subjects was hampered by proactive interference such 
that inte1ference was found in the recall of items on List B which shared semantic 
categories with List A. The head injured group failed to show this type of inte1ference. In 
delayed recall, the control group remembered a greater proportion of words than did the 
head injured group. Interestingly, control subjects did not improve when given semantic 
cues, while semantic cues facilitated the recall of head injured subjects. Crosson et. al., 
(1988) described the lower use of semantic organization by head injured subjects as an 
indication of utilizing a less efficient strategy for encoding infmmation into long-tenn 
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verbal memory, such that matelial is stored without semantic markers. This lead to a 
decreased ability to later retiieve inf01mation, however when semantic cues were given, the 
head injured patient was able to scan their memory and uncover additional items. 
However, the head injured subjects also recalled fewer items on the recognition tiial when 
retrieval demands are minimized, and made significantly more false positive responses. 
This suggests that semantic cueing may be a double-edged sword for individuals with head 
injury. 
Crosson, Novack, Trenerry, & Craig (1989) further examined the recognition tlial 
of the CVL T finding qualitative differences among the head injured group studied above 
(Crosson, et. al., 1988). Scores from the control subject's performance on the CVLT 
Recognition trial were used to establish "normal" criteria for the number of co1Tect and false 
recognitions. Based upon the Recognition trial, three categories of verbal memory deficits 
were established. Subjects in the first category obtained fewer than n01mal correct 
recognitions, and greater than normal false recognitions. The second category was 
composed of fewer than normal correct recognitions, but a normal amount of false 
recognitions, while the third category demonstrated a normal number of both correct and 
false recognitions. This lead Crosson et. al. (1989) to suggest that head injury constitutes a 
heterogeneous group, representing consolidation, encoding, and retrieval deficits 
respectively. 
Haut & Shutty (1992) also utilized the CVLT to examine 70 individuals with 
varying degrees of head injury for patterns of verbal learning. Three distinct patterns of 
memory performance were revealed through cluster analyses. Differences were found in 
the amount and rate of learning, retroactive interference, as well as the amount retained for 
delayed recall. However no differences were found among the indices of head injury 
severity or lateralization of damage (revealed by acute CT). Patients in cluster 1 showed 
relatively intact acquisition, delayed recall, and no evidence of interference. The subjects in 
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the second cluster had problems with both acquisition and delayed recall, and appeared to 
be vulnerable to retroactive interference. The pattern of cluster 3 demonstrated primary 
acquisition problems, however had good delayed recall. It should be noted that 46% of 
cluster 1, 56% of cluster 2 and 65% of cluster 3 were composed of severely head injured 
individuals. The proportion of mild and moderately head injured individuals was not 
reported, and no control group was utilized for compaiison. 
Zappala & Trexler (1992) studied 11 individuals with minor head injury compared 
to 9 normal age matched controls on the CVLT and Rey-Osterreith Complex Figure Test 
(ROCFT). The ROCFT is a complex design that the patient is instmcted to copy, after 
which an unexpected free recall of the design is requested both immediately and after a 
delay. Individuals with minor head injury sustained a temporary loss of consciousness for 
less than 20 minutes, had Glasgow Coma Scale scores between 13 and 15, and negative 
neurologic examination upon admission, and no prior head injury. No significant 
differences were found in quantitative or qualitative performance on the Rey-Osterreith 
complex figure test in te1ms of overall performance strategies (initial orientation to the 
o':'erall configuratio1:1 vs. initial orientation to details) and types of en-ors ( distortions, 
perseverations, and misplacements). Results indicated that the minor head injured group 
perfo1med significantly poorer across learning, :interference, delay, and inte1ference + delay 
trials on the CVLT. After presentation of the interference list (List B), the head injured 
group lost more :information acquired in the initial learning trials than did the control 
subjects. Semantic clustering, a more qualitative measure, did not discriminate between the 
two groups during initial learning trials, however in the delay condition, the head injured 
group performed at a lower level than did the control group. The authors commented that 
even with milder head injuries, the CVLT is a sensitive measure in terms of both 
quantitative and qualitative factors. The authors point out that when negative 
neuropsychological results following mild head injury are found, one should not assume 
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that the individual's complaints are somatic or functional in nature (psychologically based), 
rather they may result from the use of insensitive memory testing procedures. This is 
particularly important in the area of cognitive rehabilitation, which must consider the 
qualitative aspects of memory functioning when attempting to assist the individual to 
recover or compensate for impairment. 
Haut, Petros, & Frank ( 1990) examined the differential effects of moderate and 
severe head injury on the sensitivity to the semantic structure of prose passages. Sixteen 
individuals with severe closed head injury (GCS less than 9) were compared with 16 
individuals with moderate head injury (GCS from 9-12), and 16 normal control subjects on 
Story A and B of the Logical Memory subtest of the Wechsler Memory Scale-Revised. 
The idea units of these stories were divided into high, medium, and low levels of 
importance. Results indicated that control subjects recalled more idea units at each level of 
importance than did the head injured subjects. No differences were found between the 
head injured groups. Fmthermore, a significant decline in recall from immediate to delay 
occun-ed in the head injured group but not the control group. Individuals with severe head 
injury lost more information than did individuals with moderate head injury and controls. 
Based upon these results, the authors suggested that the sensitivity to the semantic stmcture 
of prose is not a major source of the recall impairment observed after moderate to severe 
head injury, rather may be explained by a decrease of capacity secondary to reduced 
processing speed. 
Rationale for Current Study 
One of the most prevalent of cognitive dysfunction associated with closed head 
injury is impaired memory functions (Crosson et. al., 1988). "Most studies examining the 
relationship between memory functioning and head injury have focused on global aspects 
of performance, highlighting the overall severity level of memory dysfunction" (p. 754). 
Systematic understanding of the nature of memory and processing deficits exhibited in 
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close head injury have only been recently undertaken (Haut et. al., 1991). Few studies 
have examined the qualitative aspects of memory impairment after head injury, i.e. 
evaluation of learning strategies, comparison of types of errors, or the effects of 
interference on recall (Crosson, et. al., 1988). 
Levin & Goldstein (1986) and Crosson et. al., (1988) have suggested a disruption 
of active learning strategies on the part of severely head injured patients, manifested by the 
absence of semantic clustering which is considered to be an effective memory strategy. In 
addition, difficulty in screening out il).accurate items was thought to be demonstrated by 
excessive intrusive errors resulting from impaired differentiation of memory stores. 
Haut, Petros & Frank (1990) found that moderate to severely head injured patients 
displayed relatively intact semantic processing strategies such that the most important 
information was recalled at a higher rate than non essential details on the Logical Memory 
subtest of the WMS-R. Haut, Petros, Frank & Haut (1991) further demonstrated that 
severely injured survivors of closed head injury demonstrated slower semantic processing 
when compared to normal controls. 
Haut & Shutty (1992) found distinct patterns of recall on the CVLT which were 
unrelated to the severity of injury. However, a disproportionate number of severely injured 
pa~ients composed the bulk of their sample, and patterns were not compared against a 
normal control group. Crosson, Novack, Trenerry, & Craig's (1989) examination of 
severely head injured patients found three distinct patterns of recognition on the CVLT 
Recognition trial. Both groups of authors recognized the necessity for cross-validation of 
their findings in other subgroups of CHI. 
The existence of cognitive deficits following severe head injury has been well 
established. Additionally, evidence has been accumulating that subtle cognitive deficits are 
found with even mild head injury. Unfortunately, most established assessment devices 
such as the WAIS-Rand WMS do not easily lend themselves to evaluation of more subtle, 
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qualitative differences. However, the California Verbal Leaming Test may be more valid, 
not only to determine memory deficits per se, but also to distinguish ways in which 
memory might be disturbed (Crosson, et. al., 1988). 
The purpose of the present study was to examine both quantitative and qualitat~ve 
aspects of verbal learning and memory in individuals with head injury. The California 
Verbal Leaming Test has been demonstrated to be a sensitive measure of verbal learning 
and memory in severely head injured (Crosson, et. al., 1988) as well as mildly head 
injured (Zappala & Trexler, 1992) patients when compared to controls. Distinct patterns of 
pe1formance on the CVLT have also been identified (Haut & Shutty, 1991; Crosson et. al., 
1989) with head injured patients. Intact semantic prose processing strategies have been 
found with moderate to severely head injured patients on the Logical Memory subtest of the 
WMS-R (Haut, Petros & Frank,1990). 
Some evidence exists that individuals with mild head injury have residual 
symptoms, which may include memory impairment. However, results of studies have 
been inconsistent, therefore, debate still exists regarding the validity of this syndrome. One 
possible explanation is that individuals suffering from mild head injury have more 
qualitative than quantitative memory impairments, which are more difficult to elucidate with 
standard neuropsychological tests. 
Therefore the intent of the current study was to examine the qualitative and 
quantitative aspects of learning and memory utilizing the WMS, and CVLT, in an attempt to 
further define the effects of mild head injury in direct comparison to moderate and severe 
head injury; and to distinguish patterns of verbal learning and memory in individual~ with 





A sample of 45 traumatically brain injured patients, seen at the Grand Forks Clinic, 
Grand Forks, North Dakota for neuropsychological evaluation was selected for 
examination in the current study. The individuals were classified in one of three groups 
according to the severity of head injury, based upon estimates of post traumatic amnesia. 
Since Glasgow Coma Scale scores were not consistently available in all clinical data, 
estimates of post traumatic amnesia were derived through retrospective medical history, a 
measure used by other investigators (Rimel et. al., 1981; Zappala & Trexler, 1992). 
Patients included in the severely closed head injured group (n=l5) presented with 
an estimated post traumatic amnesia period greater than 7 days. The moderately closed 
head injured group (n=l5) had a duration of post-traumatic amnesia from greater than four 
hours to less than seven days. To be considered in the mild closed head injury group 
(n=l5), tp.e patient had a duration of post traumatic amnesia less than one hour, and no 
positive neurological findings indicating a brain lesion. No subject was actively abusing 
drngs or alcohol at the time of evaluation. 
Fifteen normal, healthy individuals were selected as a comparison group. Subjects 
were matched to the head injured group by age and level of education. The normal, healthy 
subjects were free from previous head injury and were not actively using/abusing alcohol at 
the time of testing. Control subjects provided written, informed consent, and notified of 
their right to withdraw from the study at any time. Subjects were asked to abstain from 
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alcohol use in the 24 hour period prior to testing. The procedures used in this study were 
approved by the Institutional Review Board of the University of North Dakota. Control 
subjects were obtained either through undergraduate psychology courses or from 
individuals in the local community. Undergraduate subjects were given class credit while 
non-student subjects volunteered or were paid 10.00 for their participation. 
Materials 
The California Verbal Learning Test (Delis et. al, 1987) and the Wechsler Memory 
Scale (Wechsler, 1945) were the instruments employed in the current study. The CVLT 
presents two word lists, each composed of 16 shopping items from four different 
categories. List A (the Monday list) contains four words from each of the following 
semantic categories: clothing, tools, fruits and spices/herbs. Items on the word list are 
arranged so that no two items from the same semantic category are consecutively presented. 
Words are presented at a rate of one per second across five learning trials. After each 
presentation of List A, a free recall is requested. The number words correctly recalled, the 
number of perseverations (repeated items), and the number of intrusions (extralist items) 
are recorded. In addition, a semantic cluster score is obtained for each trial. A semantic 
cluster is scored when the individual recalls two consecutive words found on List A from 
the same semantic category. 
List B (the Tuesday list), an interference list of 16 shopping items is presented at 
one second intervals immediately after completion of the five learning trials. List B also 
contains four items from each of two semantic categories shared with List A (fruits, 
spices/herbs), and four items from two unrelated categories (fish, kitchen utensils). The 
shared categories present the opportunity to observe if items that are semantically similar to 
list A cause greater interference than items that are not semantically similar. List B is 
scored in the same manner as list A. Immediately after completion of List B, a short-delay 
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free recall of List A is requested. This is followed by a shqrt-delay cued recall trial in 
which the subject is provided each of the semantic categories from List A ( one at a time) 
and is asked to remember any additional items. A 20 minute delay precedes 
commencement of the long-delay trials. Trials in the long-delay condition consist of free-
recall, cued-recall, and a recognition test of List A items. The recognition trial contains 44 
shopping items, of which 16 are from list A, while the remaining 28 are distractors varying 
in semantic and phonological similarity to the original words, as well as 8 List B items, 
also distractors. The number of correct recognitions, misses, false recognitions, and 
correct rejections is counted. 
The Wechsler Memory Scale, Form I (Wechsler, 1945), was also utilized in the 
present study. Seven subtests comprise the WMS which yield an overall Memory Quotient 
with a mean score of 100. Subtest I- Personal and Current Information requests 
information such as age, birthdate, and current president of the United States. Subtest II - · 
Orientation asks questions of time and place. Subtest ill - Mental Control examines 
automatic processes (i.e. recite the alphabet) and conceptual tracking (count by threes from 
1 to 40). Subtest ry -Logical Memory requires the subject to listen to two short, spoken 
paragraphs and provide an immediate recall of the story. Subtest V - Digit Span presents 
trials of digit sequences (each pair of sequences is one digit longer than the previous pair) 
that the individual is to recall as stated (Digits Forward) and in reversed order (Digits 
Backward). Subtest VI- Visual Reproduction requires an the subject to view several 
simple designs for a period of 10 seconds, after which an attempt is made to reprodll.ce the 
design. Subtest VII - Associate Learning tests immediate verbal retention of already 
learned and newly associated word pairs. Six word pairs form "easy" (i.e. baby-cries) 
associations, while four word pairs form "hard" (i.e. cabbage-pen) associations. 
The WMS utilized in the present study contained modifications to specific subtests. 
The Logical Memory subtest was revised to include a 20 minute delayed recall. The 
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delayed recall was added as subjects with adequate attention and short-tenn memory may 
exhibit good memory for the stories immediately after hearing them but may show severe 
deficits after a delay. The Associate Leaming subtest was modified to include a 20 minute 
delayed recall of word pairs. The Visual Reproduction subtest was revised to include recall 
after a 20 minute delay. 
Procedure 
Head injured subjects were administered the CVLT and WMS during routine 
neuropsychological evaluations. The 20 minute delay between the short-delay cued and the 
long-delay free recall on the CVLT was filled by tests which did not involve verbal learning 
or memory components. 
Control subjects were tested individually in a single session lasting approximately 2 
hours. Upon arrival at the testing site, subjects were seated by the examiner and asked to 
read and sign an informed consent form and were notified of their right to withdraw from 
the study at any time. After signing the consent form, the subject was administered the 
WMS and CVLT according to standardized instructions. The 20 minute delay periods were 
filled by tests (i.e. mazes, letter cancellation task) which did not involve verbal or mem01y 
components. After administration of the testing battery, subjects were debriefed, and 




The mean age and education level are presented in Table 1 for each group. A one 
way analysis of variance of the ages showed no significant main effect E(3,56)=.06, 
n=.98. In addition, a one-way analysis of education level also showed no significant main 
effect E(3,56)=1.39, p,=.25. Therefore, the four groups were approximately matched on 
both age and education level. There were 7 males and 8 females in each of the control, 
mild and moderate gro.ups. The severe group was composed of 13 males and 2 females. 
The mildly head injured patients were tested a mean of 11.95 months after injury, the 
moderate group was tested a mean of 10.88 months after injury and the severe group was 
tested a mean of 40.37 months after injury. 
Table 1 
Mean Age and Education Level as a Function of Group 
Demographic Variables Control Mild Moderate Severe 
Age 27.33 28.00 28.60 28.13 
*(8.51) (8.98) (8.58) (7 .62) 
Education Level 13.4 13.23 12.43 12.92 
(1.30) (1.46) (1.29) (1.52) 
*Note: Standard deviations are presented in parenthesis. 
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California Verbal Leaming Test 
The number of words correctly recalled for each learning trial was computed for 
each subject. The number of perseverations (a word recalled more than one time per trial); 
intrusions (e:xtralist words produced at recall); and cluster responses ( two or more w~rds 
from the same semantic category recalled consecutively) were also computed for each 
learning trial. 
A 4 (group) X 5 (trials) mixed analyses of variance was computed separately for 
each of the four dependent variables. All subsequent comparisons were completed using 
Tukey's test (p<.05). 
The analysis of the number of words correctly recalled (see table 2 for means) 
revealed ·significant main effects of group, E(3,56)=8.40, 12< .001, and trials 
E(4,224)=147.81, 12< .001, along with a significant group by trials interaction 
E(l2,224)=2.76, 12< .002 (see figure 1). Subsequent analysis of this interaction 
indicated that the control group recalled significantly more words than the moderate and 
severe head injured groups across all five learning trials, and recalled significantly more 
words than the mild group at all trials but trial four. The mild and moderate head injured 
groups pe1formed significantly better than the severe group at trial 2, trial 3, trial 4, and 
trial 5. The mild group recalled significantly more words than the moderate group only at 
trial five. 
Recall increased across learning trials for all four groups, and improvement in recall 
diminished around trial 3. That is, an examination of figure 1 indicates that the recall 
curves asymptote after trial 3 for the control, moderate and severe groups. The mild group 
reached asymptote at trial 4. 
Because this analysis of absolute pe1fonnance on learning trials does not talce into 
account that the head injured subjects began trial 1 at a lower performance level, the 
proportion increase from one trial to the next was also computed and analyzed in a 4 
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(groups) by 4 (interval) mixed analysis of variance as recommended by Crosson et. al. 
(1988). 
Table 2 
The Mean Number of Words Correctly Recalled Outing Learning Trials on the California 
Verbal Leaming Test 
Leaming Trials Control Mild Moderate Severe 
1 8.60 6.20 5.73 5.53 
(1.88) (2.01) (2.43) (2.64) 
2 11.60 9.60 9.07 6.87 
(2.47) (2.44) (2.76) (3.23) 
3 12.80 11.07 10.67 8.00 
(2.11) (2.37) (2.89) (3.02) 
4 13.13 12.60 11.33 8.73 
(1.99) (2.53) (3.29) (3.37) 
5 13.93 12.53 11.13 9.133 
(1.94) (2.48) (3.44) (3.74) 
*Note: Standard Deviations are presented in parenthesis. 
The mearis and standard deviations for this measure are presented in table 3. There was no 
main effec.t for group E(3,56)=2.22, p=.096 but a significant main effect of interval 
E(3,168)=19.37, p<.001, and a significant group by interval interaction E(9,168)=2.17, 
12<.027 were found. Inspection of individual subject's performance on this measure found 
that one subject in the moderately head injured group revealed an outlier which 
demonstrated a 500% increase from trial 1 to trial 2, therefore the analysis was run 
excluding this individual's data. This analysis revealed a marginal effect for group E 
(3,55)=2.50 p=.069, a significant main effect for trials, E (3,165)=26.23 12<.001, 
however the group by ttials interaction was not significant E(9,165)=1.81 p>.05. 
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Subsequent analysis of the main effect of interval indicated that the propo11ion increase for 
interval 1 was significantly greater than intervals 2, 3, and 4. Fmthermore interval 4 
showed a greater increase than interval 2. There were no differences between intervals 2 
and 3 or between intervals 3 and 4. 
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The Mean Proportion Increase in Recall Between Leaming Trials 
Interval Control Mild Moderate 
1 .362 .634 .629 
(.196) (.461) (1.25) 
2 .124 .183 .220 
(.181) (.229) (.297) 
3 .038 .151 .074 
(.139) (.165) (.128) 
4 .071 .006 -.023 
(.147) (.156) (.156) 










Interval 1 is the proportion increase in recall from trials 1 to 2. Interval 2 is the 
proportion increase in recall from trials 2 to 3. Interval 3 is the prop011ion increase 
in recall from trials 3 to 4. Interval 4 is the proportion increase in recall from trials 
4 to 5. 
The analysis of the number of perseverations for learning trials showed no main 
effect for group, E(3,56)=1.34, 12>.05 (see table 4 for means). A significant main effect of 
trials E(4,224)=6.78, 12< .001 was found. Subsequent analysis of this main effect 
indicated that there were significantly fewer perseverations in trial 1 than ttial 2, trial 3, trial 
4 and trial 5. The number of perseverations in trials 2 through trial 5 was not significantly 
different. The group by trials interaction was not significant E(l2,224)=.62, 12>.05. 
The analysis of the number of intrusions for learning trials showed that the main 
effect for group was not significant, E(3,56)=1.72, 12>.05 (see table 5 for means). There 
was a significant main effect of trials E(4,224)=3.26, 12< .013. Subsequent analysis of this 
main effect indicated that trial 5 had significantly fewer intrusions than did trial 1. No other 
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pai1wise compalisons were significant. The group by trials interaction was not significant 
E.(12,224)=1.29, 11>.05. 
Table 4 
The Mean Number and Mean Proportion of Perseverations as a Function of Group and 
Leaming Tlials on the CVLT 
Leaming T1ials Control Mild Moderate Severe 
Mean *MP Mean MP Mean MP Mean MP 
1 .80 .071 .40 .042 .47 .058 .20 .019 
**(1.32) (.099) (.83) (.080) (.64) (.078) (.41) (.040) 
2 1.33 .093 1.00 .093 1.47 .128 1.27 .136 
(1.39) (.096) (.83) (.062) (1.51) (.108) (1.44) (.132) 
3 1.93 .121 1.80 .137 1.60 .112 1.27 .111 
(2.19) (.099) (1.27) (.092) (1.88) (.114) (1.53) (.127) 
4 1.87 .121 1.20 .088 1.93 .115 .93 .089 
(1.73) (.103) (1.08) (.081) (2.49) (.128) (.88) (.082) 
5 1.20 .078 1.73 .113 1.80 .138 .087 .088 
(1.66) (.105) (2.02) (.122) (1.82) (.110) (1.06) (.118) 
* Note: MP = Mean prop01tion of perseverations. 
**Standard deviations are presented in parenthesis. 
Crosson et. al. (1988) suggested that the absolute number of perseverations and 
intrusions is not meaningful for statistical comparison due to the wide variation in the 
number of List-A items recalled on the learning trials (i.e. one intrusion for a subject who 
recalled two items is not of equal significance as the presence of one intrusion for a subject 
53 
who recalled 12 items). Therefore, the total response output (Correct Responses+ 
Perseverations + Intrusions) was calculated, and the number of perseverations or intrusions 
for a subject on a specific trial was expressed as the proportion of the total response output. 
Table 5 
The Mean Number and Mean Proportion of Intrusions as a Function of Group and 
Learning Trials on the CVLT 
Learning Trials Control Mild Moderate Severe 
Mean *MP. Mean MP Mean MP Mean MP 
1 
.13 .015 .60 .076 .67 .122 .73 .126 
(.35) (.041) (.83) (.089) (1.05) (.189) (.80) (.142) 
2 .13 .012 .27 .022 .60 .065 .27 .045 
(.35) (.032) (.46) (.039) (.91) (.106) (.70) (.134) 
3 .07 .005 .20 .015 .40 .039 .53 .077 
(.26) (.018) (.56) (.045) (.63) (.059) (.92) (.144) 
4 .07 .003 .13 .012 .40 .033 .53 .069 
(.26) (.012) (.52) (.047) (1.30) (.093) (.92) (.139) 
5 .00 .000 · .27 .023 .07 .007 .40 .049 
(.00) (.000) (.80) (.072) (.26) (.029) (1.12) (.130) 
* Note: MP= Mean proportion of intmsions. 
**Standard deviations are presented in parenthesis. 
The analysis of the proportion of perseverations for learning trials showed no main 
effect for group, E(3,56)=1.34, :p_>.05 (see table 4 for means). A significant main effect of 
trials E(4,224)=6.78, :p_< .001 was found. Subsequent analysis of this main effect 
indicated that the proportion of the total response output that was perseverations was not 
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significantly different in trial 2, trial 3, trial 4 and trial 5, but each of these were 
. significantly higher than trial 1. All other trials were not significantly different.. The 
group by trials interaction was not significant E(12,224)=.62, 11>.05. 
The analysis of the proportion of total response output that was intrusions for 
learning trials revealed a marginal effect of group, E(3,56)=2.30, J2=.087, but a significant 
main effect of trials E(4,224)=9.02, 12< .001 (see table 5 for means). Subsequent analysis 
of this main effect indicated that trial 1 had a significantly higher proportion of intrusions 
than did trial 2, trial 3, trial 4, and trial 5. All other trials were not significantly different. 
The group by trials interaction was not significant E(l2,224)=1.29, 12>.05. 
The analysis of the number of semantic clustered responses for learning trials 
revealed a·significant main effect for group, E(3,56)=6.24, 11<.001 (see table 6 for means) 
a significant main effect of trials E(4,224)=37.39, 12< .001 along with a significant group 
by trials interaction E(12,224)=2.58, :p.<.003 (see figure 2). Subsequent analysis of 
this interaction indicated that the control group had significantly more clus~er responses 
than the mild, moderate and severe groups at all trials but trial 4, where the control and 
mild group did not. differ. The mild and moderate groups had significantly more cluster 
responses than the severe group at trial 3, trial 4, and trial 5. Furthermore, across trials, 
the control, mild and moderate groups had a higher number of cluster responses at tiial 3, 
trial 4, and tiial 5 than at trial 1. The control group also had more cluster responses at trial 
5 than trial 2, trial 3, and trial 4. The mild group had more clustered responses in trial 4 
than in trial 2 and trial 3. The moderate group had more clustered responses at tr·ial 4 and 




The Mean Number and Mean Proportion of Clustered Responses as a Function of Group 
and Leaming Trials on the CVLT 
Learning Trials Control Mild Moderate Severe 
Mean *MP Mean MP Mean MP Mean MP 
1 3.20 .489 1.67 .354 1.07 .258 1.07 .272 
**(2.27) (.261) (1.29) (.247) (.88) (.189) (1.39) (.294) 
2 4.67 .501 3.13 .421 2.40 .335 1.87 .296 
(3.89) (.358) (2.39) (.255) (2.17) (.216) (1.99) (.248) 
3 5.93 .612 3.53 .403 3.33 .395 1.47 .219 
(3.33) (.281) (2.77) (.247) (2.85) (.282) (1.51) (.211) 
4 5.87 .576 5.47 .561 4.07 .488 2.00 .308 
(3.99) (.329) (3.60) (.268) (3.24) (.292) (1.56) (.162) 
5 7.60 .724 4.67 .479 4.60 .547 2.60 .357 
(3.50) (.264) (3.48) (.302) (3.02) (.223) (2.26) (.208) 
* Note: MP = Mean proportion of intmsions. 
**Standard deviations are presented in parenthesis. 
The number of semantic clustered responses possible is directly related to the 
number of items correctly named. The control group consistently recalled more items from 
List-A, therefore they had the opportunity to make a greater number of clustered responses. 
To make the groups equivalent in terms of the number of possible cluster responses, the 
number of actual semantic cluster responses was expressed as a proportion of the total 
possible clust~r responsesl (Crosson, et. al, 1988). 
1 To calculate cluster responses as a percentage of the total possible cluster 
responses (without respect to the number of categories used) the following 
procedure was developed by Crosson, et. al., (1988): "The number of possible 
cluster responses was calculated. When two items from the same category are 
consecutively recalled, one cluster response is scored. Therefore, on any 
given trial, when correct responses (CR) are less than or equal to 4, possible 
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Group by Trials Interaction for Cluster Responses Across Leaming Trials 
The analysis of the proportion of clustered responses for learning trials revealed a 
significant main effect for group, E(3,56)=5.16, D.<.003. The control group had a 
significantly higher proportion of clustered responses than did the severe group (see table 6 
for means). The control group was not significantly different from the mild and moderate 
groups. The mild and moderate groups were not significantly different from the severe 
group. A significant main effect of trials E(4,224)=10.00, D.< .001 was found. Analysis 
CR - 2. When CR is greater than 8 and less than or equal to 12 PC = CR - 3. 
When CR is greater than 12 and less than or equal to 16, PC = CR - 4. Percent of 
possible clustered responses = actual cluster responses/PC." 
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of this main effect showed that the groups clustered a higher proportion of responses in 
trial 5 than in trial 1, trial 2, and trial 3. They also clustered a higher prop01tion of 
responses in trial 4 than in trial 1 and trial 2. The group by trials interaction was not 
significant E(l2,224)=1.42, 12>.05 
The number of words correctly recalled, perseverations, intrusions, and cluster 
responses for List B was subject to a one way analysis of variance (see table 7 for means). 
The analysis of the number of words correctly recalled revealed a significant main effect of 
group .E(3,59)=5.10, 12<.003. Subsequent analysis of this effect showed that the control 
group recalled a greater number of words (7 .60) than did the severe group (5.00). The 
number of words recalled in the mild (6.60) and moderate (6.80) groups did not differ 
significantly from each other or from the control or severe group. 
The analysis of the absolute number of perseverations revealed a significant effect 
for group .E(3,59)=3.37 12<.026, such that the moderate group made significantly more 
perseverative errors than did the control group. There were no significant differences 
between the mild, moderate and severe groups or between the control, mild and severe 
gr_oups. A one way .analysis of variance of the number of perseverations on List B, 
expressed as the proportion of the total response output was also conducted. The main 
effect of group was significant E(3,56)=3.28 12<.027, however subsequent analysis 
showed no significant differences between groups. The analysis for the number of 
intrusive errors showed no significant differences between groups .E(3,59)=1.31, p>.05. 
A one way analysis of variance on the number of intrusions on List B, expressed as the 
proportion of the total response output was conducted. This main effect also was not 
significant .E(3,56)=2.44 12<.07. 
The number of clustered responses was subject to a one-way analysis of variance. 
Results revealed a significant main effect for group .E(3,59)=5.53, n<.002. The control 
group had a larger number of clustered responses (mean=2.47) than did the severe group 
58 
(mean=.60). Cluster responses did not differ between the mild (mean=l.60) and moderate 
(mean=l.33) groups. The mild and moderate groups did not differ from the control or 
severe group. Analysis of the proportion of total possible cluster responses revealed a 
significant effect of group E(3,56)=4.98, n<.004. Subsequent analysis of this effect was 
identical to above, with the control group clustering significantly more than the severe 
group, but with no differences among the mild and moderate groups. 
Table 7 
List B Means for Correct Responses, Perseverations, Intrusions, and Clustered Responses 
as a Function of Gro1~p 
Control Mild Moderate Very Severe 
Con-ect Responses 7.60 6.80 6.60 5.00 
*(2.16) (1.66) (1.76) (1.85) 
Perseverations .00 .40 .60 .07 
(.00) (.63) (.99) (.26) 
Perseverations .000 .050 .060 .007 
[Proportion] (.000) (.076) (.098) (.029) 
Intrusions .00 .27 .73 .73 
(.00) (.59) (2.09) (1.16) 
Intrusions .000 .034 .061 .120 
[Proportion] (.000) (.076) . (.144) (.190) 
Cluster Responses 2.47 1.60 1.33 .600 
(1.68) (1.30) (.90) (1.06) 
Cluster Responses .444 .332 .314 .123 
[Proportion] (.251) (.246) (.221) (.204) 
*Note: Standard deviations are presented in parenthesis 
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The number of correct responses, perseverations, and intrusions for delayed recall 
trials were each subject to a 4 (group) X 2 delay (short vs. long) X 2 test type (free recall 
vs. cued recall) mixed analysis of variance. The analysis for correct responses revealed a 
main effect for group E(3,56)=10.51, 12<.001, a main effect of test type E(l,56)=34.93, 
11<.001, and a significant group by test interaction E(3,56)=4.40, 12<.007 (see table 8 for 
means). Subsequent analysis of this interaction (see figure 3) indicated that at both the free 
Table 8 
The Mean Number of Correct Responses on Delayed Recall Trials of the CVL T as a 
Function of Group and Delay 
Delayed Recall Trials Control Mild Moderate Severe 
Short Delay Free 13.00 11.20 8.53 6.13 
(2.42) (3.08) (3.78) (4.42) 
Short Delay Cued 13.27 11.87 10.13 8.13 
(2.12) (3.36) (3.02) (3.38) 
Long Delay Free 13.27 11.60 8.20 6.67 
(1.91) (2.95) (4.23) (5.08) 
Long Delay Cued 13.73 11.80 9.80 8.13 
(1.67) (2.91) (3.76) (3.52) 
*Note: Standard deviations are presented in parenthesis 
and cued recall positions, the control group recalled significantly more words than the mild 
group, who recalled more words than the moderate group, who recalled more words than 
the severe group. The source of the interaction appeared to result from the fact that the 
control and mild groups did not significantly differ in the number of words recalled 
between free and cued, however the moderate and severe groups recalled significantly more 
words in the cued recall condition than in the free recall condition. There was no main 
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effect found for delay .E(l,56)=.64, u>.05. The group by delay interaction was not 
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Figure 3 
Group by Test Interaction for Number of Correct Responses on Delayed Recall Trials. 
To examine the efficiency of memory after learning has been equated between 
groups, the number of items remembered on the delayed recall trials was converted to the 
proportion of their highest learning trial (see table 9 for means). This analysis revealed a 
significant main effect for group E(3,56)=7.89, u<.001, a significant main effect of test 
E(l,56)=26.41, 12<.001, along with a significant group by test interaction E(3,56)=5.68, 
12<.002 (See figure 4). This analysis showed a slightly different pattern of results in that 
for the free recall test, the control and mild groups were not significantly different from 
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each other, however both groups recalled a greater proportion of words than the moderate 
and severe groups. Recall of the moderate and severe groups did not differ significantly. 
At the cued recall position, the control group recalled a greater proportion of words than the 
moderate and severe, but not mild group. The mild, moderate and severe groups did not 
significantly differ. Consistent with the previous finding, the control and mild groups did 
not improve with.cueing, while the moderate and severe group's recall significantly 
improved under the cued recall condition. 
Table 9 
The Mean Number of Words Recalled Presented as a Proportion of the Highest Leaming 
Trial for Delayed Recall Trials as a Function of Group 
Delayed Recall Trials Control Mild Moderate Severe 
Short Delay Free .911 .832 .671 .553 
(.115) (.141) (.188) (.305) 
Short-Delay Cued .932 .879 .838 .838 
(.100) (.167) (.122) (.216) 
Long Delay Free .933 .864 .634 .591 
(.082) (.120) (.246) (.388) 
Long Delay Cued .970 .879 .792 .823 
(.085) (.115) (.163) (.213) 
*Note: Standard deviations are presented in parenthesis. 
The analysis of the number of perseverations for the delayed recall trials showed a 
marginal effe~t for group, E.(3,56)=2.54, n=.066 (see table 10 for means). There was no 
significant main effect of delay E(l,56)=.5111>.05. The group by delay interaction was 
not significant E.(3,56)=.2611>.05. A significant main effect for test E(l,56)=.6.53, 
11<013 was found along with a significant group by test interaction E.(3,56)=3.03 n<.037. 
Subsequent analysis of this interaction indicated that the source of this interaction was with 
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Table 10 
The Mean Number and Mean Proportion of Perseverations as a Function of Group and 
Delayed Recall Trials on the CVL T 
Delayed Recall Control Mild Moderate Severe 
Trials 
Mean *MP Mean MP Mean MP Mean MP 
SD Free .07 .005 .07 .006 .67 .052 .07 .010 
**(.26) (.018) (.26) (.022) (1.34) (.089) '(.26) (.037) 
SD Cued .07 .004 .07 .004 .00 .000 .27 .023 
(.26) (.017) (.26) (.016) (.00) (.000) (.80) (.068) 
LD Free .07 .004 .20 .018 1.00 .071 .47 .048 
(.26) (.017) (.41) (.038) (2.14) (.136) (.92) (.090) 
LDCued .00 .000 .00 .000 .00 .000 .00 .000. 
(.00) (.000) (.00) (.000) (.00) (.000) (.00) (.000) 
*Note: MP=Mean prop01tion of total response output that was perseverations. 
**Standard deviations are presented in parenthesis. 
by test interaction was found E(l,56)=4.11 p,<.047. Breakdown of this interaction 
revealed significantly more perseverative errors in the long-delay free-recall than in the 
long-delay cued-recall trials. The short-delay free and cued recall tlials were not 
significantly different. The group by delay by test interaction was not significant 
.EC3,56)=.68 n=.>.05. 
The analysis of the proportion of the total response output of perseverations for the 
delayed recall trials showed a main effect for group, E(3,56)=2.92, p,<.042 (see table 10 
for means), a significant main effect for test E(l,56)=8.45, p,<.005, along with a 
significant group by test interaction E(3,56)=2.91,p,<.042. Subsequent analysis indicated 
that the source of this interaction was with the moderate group, which had significantly 
64 
more perseverations than did the control and mild, but not the severe group. The control, 
mild and severe groups were not significantly different. In addition, the moderate group 
had a significantly higher proportion of perseverations at the free recall position than at 
cued recall. A significant delay by test interaction was found E(l,56)=5.16, n<.027. 
Subsequent analysis revealed significantly more perseverative errors in the long-delay free-
recall than in the long-delay cued recall trials. The long delay free-recall trials also 
exceeded the short-delay free recall trials. The group by delay by test interaction was not 
significant E(3,56)=1.25, n>.05. 
The analysis of the number of intrusions for the delayed recall trials showed a main 
effect for group, E(3,56)=3.74, n=.016 (see table 11 for means). Breakdown of this 
analysis showed that the severe group had significantly more intrusive errors than the 
control group. The severe group was not significantly different from the mild or moderate 
group, which did not significantly differ from the control group. There was no significant 
main effect of delay E(l,56)=.25 n.>.05. A significant main effect for test E(l,56)=.9.33, 
12<003 was found. A significant delay by test interaction was found E(l,56)=6.14 n<.016. 
Subsequent analysis revealed significantly more intrusive e1rnrs in the cued-recall trials 
than the free-recall trials at both short and long delay. Furthermore, there were more eITors 
at long-delay cued-recall than at short-delay cued-recall. 
The analysis of the proportion of total response output that was intrusions for the 
delayed recall trials showed a significant effect for group, ;E:(3,56)=4.29, n<.009 (see table 
11 for means). Subsequent analysis showed tl1at the severe group had a significantly 
higher proportion of intrusions than the control group. The severe group did not 
significantly differ from the mild and moderate groups. Furthermore, the control, mild, 
and moderate did not significantly differ from each other. A significant main effect for test 
E(l,56)=4.80, n<.033 was found, along with a significant delay by test interaction 
E(l,56)=4.69, n<.035. Subsequent analysis showed a significantly higher proportion of 
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intrusive errors in the long-delay free-recall as opposed to the short-delay free recall. 
Furthermore, the short-delay cued recall trials had significantly more intrusive errors than 
the short delay free recall trials. The group by delay by test interaction was not significant 
.E(3,56)=1.14 12>.05. 
Table 11 
The Mean Number and Mean Proportion of Intmsions as a Function of Group and Delayed 
Recall Trials on the CVL T 
Delayed Recall Control Mild Moderate Severe 
Trials 
Mean *MP Mean MP Mean MP Mean MP 
Short Delay .07 .004 .27 .026 .40 .069 .67 .120 
Free **(.26) (.017) (.46) (.050) (.83) (.162) (.98) (.214) 
Short Delay .13 .013 .93 .086 1.87 .128 2.87 .231 
Cued (.35) (.034) (1.34) (.141) (4.02) (.193) (3.96) (.290) 
Long Delay .07 .005 .60 .050 .53 .085 1.13 .212 
Free (.26) (.020) (.63) (.056) (.74) (.148) (1.25) (.334) 
. Long Delay .13 .011 .80 .065 1.27 .122 2.27 .223 
Cued (.35) (.028) ·(.94) (.079) (2.50) (.208) (2.71) (.260) 
*Nate: MP=Mean proportion of total response output that was intrusions. 
**Standard deviations are presented in parenthesis. 
The analysis of the number of cluster responses for the delayed recall trials showed 
a significant effect for group, E(3,56)=14.76, 12<.001 (See table 12 for means). 
Breakdown of this analysis showed that the severe group had significantly fewer cluster 
responses (1.67) than the control (7.90), and mild (5.67) groups. Furthermore, the 
moderate group had fewer cluster responses (3.50) than the control group. The mild and 
moderate groups, and moderate and severe groups did not differ. A significant main effect 
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of delay E(l,56)=4.76 n=.033 was also found, such that there was a greater number of 
. long-delay cluster responses (4.93) than short delay cluster responses (4.43). The group 
by delay interaction was not significant E(3,56)=.49, n>.05. 
Table 12 
The Mean Number and Mean Proportion of Clustered Responses as a Function of Group 
and Dela~ed Free Recall Trials on the CVLT 
Trials Control Mild Moderate Severe 
Mean *MP Mean MP Mean MP Mean 
Short Delay 7.47 .765 5.33 .614 3.40 .551 1.53 
Free **(3.78) (.261) (3.64) (.273) (2.82) (.329) (1.46) 
Long Delay 8.33 .868 6.00 .688 3.60 .565 1.80 
Free (2.47) (.181) (3.38) (.291) (3.22) (.416) (1.66) 
*Note: MP=Mean proportion of total response output that was clustered responses 






The analysis of proportion of the total response output which was cluster responses 
for the delayed recall trials showed a main effect for group, E(3,56)=11.90, :p<.001 (see 
Table 12 for means). Breakdown of this analysis showed that the severe group had a 
significantly lower proportion of cluster responses than the control, mild, and moderate 
groups. Furthermore., the moderate group had a lower prop011ion of cluster responses than 
the control group. There was no significant main effect of delay E(l,56)=.05 p_>.05. The 
group by delay interaction was not significant E(3,56)=1.30 :p>.05. 
The number of correct responses on the recognition trial was subject to a one-way 
analysis of variance (see table 13 for means). A significant main effect for group 
E(3,56)=6.83, p_<.001 revealed that the control and mild groups correctly discriminated a 
greater number of recognition items than did the severe group. The moderate and severe 
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groups did not differ. Recognition word errors types were divided as follows: (1) B list 
words, shared category; (2) B list words, different category; (3) words from neither list, 
prototypical category; (4) phonemically similar words; and (5) unrelated, distractor words. 
The recognition errors were subject to a 4 (group) by 5 (error type) mixed analysis of 
variance. A significant main effect for group E(3,56)=3.83, J;i<.014 indicated that the 
control and mild .groups (.12 and .19 respectively) made significantly fewer errors than did 
the severe group (1.09). The severe and moderate (.59) groups did not differ. There was 
no significant main effect for error type E(4,224)=.96 J;2>.05. The group by error type 
interaction was not significant E(12,224)=1.07, J;i>.05. 
Table 13 
CVLT Recognition Trial Means for Correct Responses and Error Types as a Function of 
Group 
Control Mild Moderate Severe 
Con-ect Recognitions 15.47 14.53 14.13 12.27 
(.83) (1.64) (2.23) (2.74) 
En-or Types 
List B Related .13 .40 .80 1.13 
(.35) (.63) (1.08) (1.46) 
List B Unrelated .00 .20 .80 .93 
(.00) (.56) (1.01) (1.53) 
Extralist Related .13 .33 .67 1.07 
(.35) (.62) (1.23) ( 1.28) 
Extralist Unrelated .00 .00 .13 1.33 
(.00) (.00) (.35) (2.58) 
Phonemic Errors .33 .00 .53 1.00 
(.62) (.00) (1.36) (2.07) 
*Note: Standard deviations are presented in parenthesis. 
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Wechsler Memory Scale 
The Wechsler Memory Scale is composed of seven subscales (Info1mation, 
Olientation, Mental Control, Digit Span, Logical Memory, Associate Leaming, and Visual 
Reproduction) which comprise the total age-corrected Memory Quotient. The Memory 
Quotient, Information, Orientation, Mental Control and Digit Span variables were each 
subject to a one-way analysis of variance (see table 14 for means). 
Table 14 
Mean Wechsler Memory Scale Scores as a Function of Group and Subtest 
Control Mild Moderate Severe 
Memory Quotient 114.80 97.87 91.06 85.33 
(11.69) (12.93) (14:69) (17.64) 
Information 5.60 5.00 4.80 4.27 
(.83) (1.13) (1.08) (1.03) 
Olientation 5.0 4.8 4.4 4.4 
(.00) (.56) (1.12) (.74) 
Mental Control 7.53 6.73 6.40 5.67 
(1.13) (1.49) (1.76) (2.41) 
Digit Span 11.53 10.00 10.07 9.60 
(1.46) · (2.20) (1.87) (2.44) 
Logical Memory 10.41 7.37 6.91 6.21 
(2.45) (3.22) (3.20) (3.09) 
Associate Learning 18.67 15.00 13.80 13.41 
(2.17) (3.62) (4.96) (4.88) 
Visual Reproduction 11.80 11.40 9.53 8.27 
(2.43) (2.50) (2.29) (4.32) 
*Note: Standard deviations are presented in parenthesis. 
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The analysis of the Mem01y Quotient yielded a main effect for group 
E(3,59)=11.86, 12<.001. Subsequent analysis of this main effect indicated that the control 
group had a higher memory quotient score than the mild, moderate, and severe groups, 
which did not differ from each other. Analysis of the information subtest revealed a main 
effect of group E(3,59)=4.3212<. 008. Subsequent analysis showed that the control group 
had higher information scores than the severe group. Neither differed significantly from 
the mild and moderate groups. There was a marginal effect of Orientation, E(3,59)=2.56, 
12-=.065. A significant main effect of Mental Control E(3,59)=2.90, 12<.043 was also 
found. Subsequent analysis indicated that the control group had higher mental control 
scores than the severe group. Neither differed significantly from the mild and moderate 
groups. A marginal effect for Digit Span was found E(l,56)=12.62, 12=.059. 
Story A and Story B (immediate and delayed recall) of the Logical Memory subtest 
were each rescored for all subjects for the presence or absence of the gist of each idea unit. 
The stories had been previously divided into three separate levels of importance (see Haut 
et. al., 1990 for details). Story A contained 8 idea units of high importance, 8 idea units of 
medium impo11ance, and 8 idea units of low importance. Story B contained 7 idea units of 
high importance, 8 idea units of medium importance, and 7 idea units of low importance. 
The proportion of idea units recalled at each level of imp011ance was calculated 
separately for each subject for each story across both retention intervals. A 4 (group) X 2 
(st01y) X 2 (delay) X 3 (level of importance) mixed analysis of variance was pelformed on 
these dependent variables. This analysis revealed a main effect for group E(3,56)=5.93, 
12<.001 (see tables 15 and 16 for means for story A and Story B means respectively). 
Subsequent comparisons of this main effect indicated that the control group (M=.478) 
recalled a higher propo11ion of idea units than the moderate (M=.312) and severe (M=.260) 
groups, which did not differ from each other. 
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Table 15 
Mean Proportion of Idea Units Recalled on the Logical Memory Story A of the 
Wechsler Memory Scale as a Function of Group and Delay 
Immediate Recall Control Mild Moderate Severe 
High .700 .667 .650 .575 
(.132) (.235) (.158) (.240) 
Medium .533 .392 .342 .350 
(.238) (.330) (.252) (.272) 
Low .375 .283 .158 .142 
(.164) (.203) (.145) (.148) 
Delayed Recall 
High .642 .550 .500 .350 
(.169) (.210) (.236) (.292) 
Medium .508 .308 .258 .250 
(.224) (.275) (.261) (.299) 
Low .292 .217 .092 .108 
(.204) (.173) (.120) (.176) 
*Note: Standard deviations are presented in parenthesis. 
The mild group (M=.362) did not differ from the control group, moderate group, or severe 
group. The analysis for the effects of story yielded a significant main effect 
E(l,56)=17.61, 12<.001, such that a significantly higher proportion of idea units were 
recalled at Story A (M=.385) than Story B (M=.321). The group by story interaction was 
not significant E(3,56)=.30, J2>.05. A significant main effect was found for delay 
E(l,56)=57.52, 12<.001 which indicated that a higher proportion of idea units was 
remembered immediately (M=.389) than in the delayed condition (M=.317). The group by 
delay interaction was 1iot significant E(3,56)=1.02, 12>.05. A significant main effect of 
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importance level .E(2,l 12)=185.4112<.001 revealed that a larger proportion of idea units 
was recalled at the high level of importance (M=.539), than at the medium level of 
-importance (M=.330), which was·higher than the low level of importance (M=.191). 
Table 16 
Mean Proportion of Idea Units Recalled on the Logical Memory Story B of the Wechsler 
Memory Scale as a Function of Group and Delay 
Immediate Recall Control Mild Moderate Severe 
High .676 .590 .476 .400 
(.183) (.258) (.214) (.217) 
Medium .408 .317 .308 .233 
(.192) (.240) (.211) (.141) 
Low .343 .152 .114 .152 
(.215) (.157) (.164) (.183) 
Delayed Recall 
High .619 .514 .419 .286 
(.168) (.246) (.226) (.265) 
Medium .367 .258 .292 .150 
(.167) (.192) (.225) (.178) 
Low .276 .095 .133 .124 
(.232) (.117) (.157) (.222) 
*Note: Standard deviations are presented in parenthesis. 
The group by importance level interaction was not significant E(6,112)=1.44, 12>.05. A 
significant story by delay interaction .E(l,56)=5.23, p,<.026 was found. Subsequent 
comparisons were all significant, showing a higher proportion of idea units recalled from 
Story A than Story B (at both retention intervals) and that the proportion of idea units 
recalled immediately was higher than at delay for both stories. A significant delay by 
importance level interaction was found E(2,112)=5.11, 12<.007. Subsequent analysis 
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indicated that all comparisons were significant. Recall decreased as a function of 
importance level at both immediate and delayed intervals. Furthermore, recall was greater 
immediately than after a delay for all three levels of importance. The source of the 
interaction appears to be that the delay effect was slightly larger for the low importance 
level idea units (22.3%) than the high or medium impo11ance level idea units (18.1 % and 
17 .1 % respective\y). 
The proportion of correctly recalled ideas from the recognition po11ion of the 
Logical Memory subtest was computed and subject to a one-way analysis of variance. A 
significant main effect was found for group E(3,58)=5.59, n<.002. Subsequent analyses 
found that the control group (.939) performed significantly better than the mild (.715), 
moderate (.721) and severe (.736) groups, which did not differ from each other. 
The number of word pairs correctly recalled across three trials was computed for 
the Associate Leaming subtest ( the number of easy words pairs recalled across three trials, 
divided by 2; plus _the sum of the difficult word pairs across three trials) for each subject, 
and was subject to a one-way analysis of variance (see table 17 for means). A significant 
main effect was found for group E(3,59)=5.20, 11<.003. Subsequent analyses found that 
the control group performed significantly better than the moderate and severe groups, 
which did not differ from each other. The mild group did not differ from the control, 
moderate, or severe groups. 
Since the WMS Associate Leaming subtest is composed of 6 easy associations, and 
four hard associations, the prop011ion of words correctly recalled at each of the three 
learning trials at each level of difficulty (easy, hard) was computed for each subject. _A 4 
(group) X 3 (trials) X 2 (difficulty) mixed analysis of variance was perfonned on this 
dependent measure. This analysis revealed a significant main effect of group 
E(3,56)=5.41, 11<.002, a significant main effect of trials E(2,112)=64.03, n<.001, a 
significant main effect of difficulty E(l,56)=117 .78, n<.001, along with a significant 
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group by difficulty interaction (see table 17 for means). Subsequent analysis of the group 
by difficulty interaction revealed that the control group recalled a significantly higher 
proportion of hard words than the mild, moderate, and severe groups, which did not differ. 
The mild, moderate, and severe groups recalled a significantly higher proportion of easy 
words when compared to hard words, while the controls did not differ. Analysis of the 
trial by difficulty. interaction indicated that a lower proportion of hard words than easy 
words were recalled across trials. Within level of difficulty, the proportion of easy words 
for trial 1 was exceeded by trial 2 and trial 3, which did not differ from each other. The 
proportion of hard words in trial 1 was exceeded by trial 2, which was exceeded by trial 3. 
The proportion of words recalled at each level of difficulty after a delay was 
computed for the Associate Leaming Subtest (see table 17 for means). This measure was 
compared to the third Associate Learning trial with a 4 (group) X 2 (difficulty) X 2 (delay) 
mixed analysis of variance. Significant main effects were found for group E(3,56)=7.44, 
11<.001, delay E(l,56)=24.27, 11<.001, and difficulty E(l,56)=86.74, 11<.001, along with 
a significant group by difficulty interaction E(3,56)=7.52, 11<.001. The main effect for 
delay indicated that the proportion of words recalled at the third learning trial (M=.837) was 
significantly higher than the proportion of words recalled at delay (M=.765). Subsequent 
analysis of the group by difficulty interaction revealed that the groups did not differ in 
proportion of easy words recalled, however the control group recalled a higher proportion 
of hard words than the mild, moderate, and severe groups. While the mild and moderate 
groups did not differ from each other, they recalled a higher proportion of hard words than 
the severe group. Furthermore, the mild, moderate and severe groups recalled a higher 
proportion of easy words, while the control group did not differ. A significant delay by 
difficulty interaction E(l,56)=8.27, 11<.006 was also found, indicating that the proportion 
of easy words exceeded the proportion of 
Table 17 
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Mean Proportion of Words Recalled at Immediate and Delayed Recall Ttials as a Function 
of Group on the Associate Leaming Subtest. 
Trial 1 Control Mild Moderate Severe 
Easy .911 .856 .789 .867 
*(.124) (.165) (.222) (.180) 
Hard .650 .300 .267 .250 
(.280) (.343) (.372) (.313) 
Trial 2 
Easy .956 .989 .900 .944 
(.099) (.043) (.152) (.103) 
Hard .883 .600 .583 .483 
(.208) (.338) (.3.62) (.417) 
Trial 3 
Easy 1.000 1.000 .933 .944 
(.000) (.000) (.138) (.103) 
Hard .983 .700 .633 .500 
(.065) (.330) (.376) (.412) 
Delayed Recall Trials 
Easy .989 .989 .900 .889 
(.043) (.043) (.152) (.136) 
Hard .900 .567 .517 .367 
(.207) (.320) (.347) (.339) 
*Note: Standard deviations are presented in parenthesis 
hard words at each retention interval. In addition, the proportion of easy words did not 
significantly differ with delay, however the proportion of hard words recalled showed a 
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significant decrement at delay. The group by delay by difficulty interaction was not 
significant E(3,56)=.13, n>.05. 
Recall scores from the visual reproduction subtest of the WMS were computed for 
each subject at two retention intervals. A 4 (group) by 2 (delay) mixed analysis of variance 
was performed. A significant main effect for group E(3,55)=5.55, n<.002, was found 
which indicated that the control group (M=l 1.43) and mild group (M=l 1.06) perfonned 
better than the severe group (M=7.11). The control and mild group did not differ from the 
moderate group (M=9.77), which did not differ from the severe group. A significant main 
effect of delay E(l,55)=4.80, n<.033 showed that performance was better immediately 
(M=l0.23) than after a delay (M=9.49). The group by delay interaction was not significant 
E(3,55)=2.34, n>.05 (see table 18 for means) 
Table 18 

























The purpose of the present study was to examine the effects of mild head injury in 
contrast to more severe head injury and a normal control group on measures of learning and 
memory. Neuropsychological deficits resulting from severe head injury have been well 
documented. Results of the present study clearly confirm findings of learning and memory 
deficits found in severely head injured patients (Crosson et. al., 1988; Levin & Goldstein, 
1986). Evidence for learning and memory deficits associated with mild head injury has 
been controversial and inconsistent. The results of the present study indicated that the 
pattern of deficits between the mild group and the other groups depended upon the specific 
task used. 
One measure of the ability to encode information into memory is the immediate free 
recall of information following presentation of a stimulus. Head injured subjects recalled 
significantly fewer words than the control group across the first learning t1ial on the CVL T, 
as well as subsequent learning trials. This finding has been demonstrated previously with 
both severe Crosson et. al., 1988; Levin & Goldstein, 1986) and mild head injured patients 
(Zappala & Trexler, 1992). In the present study, the mild head injured group perf01med 
more poorly than did the control group, but exceeded recall of the severe group across 
learning trials of the CVL T. 
Inspection of the absolute number of words recalled on learning trials along with 
the significant group by trials interaction would suggest that the severely head injured 
subjects demonstrated an attenuated learning curve, showing a diminished ability to 
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significantly improve recall across trials. Since the absolute perlormance on learning trials 
does not take into account that the head injured subjects began trial 1 at a lower 
performance level, the proportion increase from one trial to the next was examined. 
Examination of the proportion increase between trials showed no differences between 
groups in terms of the ability to increase recall. This finding has also been demonstrated by 
Crosson, et. al. (1988), with severely head injured patients. These findings suggest that 
although head injured subjects in general retained less words from List A on learning trials 
than did controls, head injured subjects and controls displayed similar patterns of learning 
over repeated trials. Levin & Goldstein's (1986) finding that the control group showed a 
greater increase across trials than the severely head injured group may be related to the fact 
that they did not examine the amount of increase between trials. 
The results of the present study revealed that after interference and delay, the head 
injured groups perlormed more poorly than the did the control group. The mild head 
injured group perlormed more poorly than did the control group, but exceeded recall of the 
moderate and severe group. However when perlormance on delayed recall trials was 
examined after c01Tection for original learning between groups, free recall of the mild group 
did not significantly differ from the normal controls, but exceeded recall of the moderate 
and severe groups. The finding that the delayed recall of severely head injured patients was 
significantly worse than that of controls even after recall had been corrected for original 
learning has been demonstrated previously by Crosson et. al. (1988), who inferred that 
severely head injured subjects forgot a significantly greater amount of information in either 
the encoding or retaining list items in long term memory. Evidence from the present study 
suggests that although mild head injured subjects learned information at a lower rate than 
the controls, their ability to retain and retrieve information learned was not significantly 
impaired, unlike the more severely head injured groups. 
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Providing semantic cues in free recall procedures can provide infonnation in the 
differentiation of retrieval from encoding of memory processes. That is, if recall 
dramatically improves from free recall to cued recall, a problem with retrieval is indicated. 
However, if recall is not different between the free and cued conditions~ problems with 
encoding of information can be suggested. Previous research has also demonstrated that 
severely head injured subject's recall was facilitated when semantic cues were given during 
delayed recall trials, while recall of the control subjects did not improve, suggesting a 
possible ceiling effect for the control group (Crosson et. al., 1988). In the present study, 
the moderate and severe group's recall improved with cueing, however both the control and 
mild head injured groups did not show such improvement. In the present study, the 
control and mild head injured subject~ showed an increased ability to organize their 
memory, essentially providing their own semantic cues when required to retrieve 
information from memory. Crosson et. al. (1989) found improvement from short delay to 
long delay and suggested that either retroactive interference from list B inhibited responding 
on the sh011 delay trials, or the categorical cues given between the sh01t delay and long 
delay trials may have provided the subjects added structure that facilitated their recall. In 
contrast, results of the present study showed no significant differences between the delay 
conditions. 
The ability to actively organize information into memory stores has been considered 
to be an active and effective learning strategy. Clustering of semantically related words has 
been considered to represent one such strategy. Each group of head injured subjects in the 
present study had a significantly lower number of actual clustered responses than the 
control group across learning trials. Furthermore, the mild and moderate head injured 
group had significantly more cluster responses than did the severe group. The mild, 
moderate, and control groups increased the number of clusters recalled, across learning 
trials, while the severe group showed no substantial increase in clustered responses across 
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trials. This finding has been demonstrated previously with severely head injured patients 
. (Levin & Gol.dstein, 1986; Crosson et. al., 1989), suggesting a disruption of active 
learning strategies. This pattern of clustering responses observed across t1ials would 
indicate that lh:e severely head injured subjects were unable to actively organize their 
memory trace, showing no increase in their ability to cluster information, while the less 
severely injured subjects more actively organized the information, as demonstrated by their 
increased ability to cluster when provided the opportunity to practice. 
Since the number of semantic clustered responses possible is directly related to the 
number of items correctly named, and the control group consistently recalled more items 
from List-A, they had the opportunity to make a greater number of clustered responses. 
After equating the groups in terms of the actual number of possible clustered responses on 
learning trials however, the differences between the mildly and moderately head injured 
groups with respect to the severe group was not clear. Although the severely head injured 
group continued to have a significantly lower proportion of possible cluste.red responses 
than did the control group, the mild and moderate groups were significantly different from 
neither. These data also support the notion that the most severely injured patients have 
more difficulty utilizing active strategies to aid in their recall of learned material than do 
normal controls. One reason for their lack of diminished use of active learning strategies 
may be the diminished efficiency of working memory in seyerely head injured patients 
(Haut, Petros, Frank, & Lamberty (1990). The use of an active memory strategy demands 
processing capacity from a limited pool of cognitive resources in working memory. In 
fact, Haut, Petros, Frank & Haut (1991) have documented that head injured patients are 
slower than controls to activate concepts from long term memory into sho1t-term memory. 
After a delay, recalls of the severely injured group showed a significantly lower 
proportion of possible clustered responses than did the control, mild and moderate groups. 
Although the moderate group performed more poorly than did the control group, the mild 
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group did not differ from the control or moderate group in the ability to cluster responses 
after a delay. This finding suggests that at least in this sample of mildly head injured 
adults, the ability to actively organize the memory trace after a delay was not significantly 
impaired. Why did the mild and moderate groups perform better than the severe group 
after a delay, but not during the learning trials? One explanation may be found in 
examination of the absolute number of clustered responses during learning trials. The mild 
and moderate groups absolute number of cluster responses increased in later trials, which 
gave them more practice in using this strategy, thereby laying the groundwork for more 
efficient delayed recall. In contrast, Zappala and Trexler (1992) found that mild head 
injured subject's ability to cluster responses was discriminated from that of controls, but 
only after a delay. These discrepant findings would suggest that not all mildly head injured 
populations display the same pattern of deficits, however Zappala and Trexler (1992) did 
attempt to equate the groups for the number of possible cluster responses as did the cmTent 
study. 
Recognition of previously presented information from information not previously 
presented can further elucidate whether memory problems were due to encoding or retrieval 
deficits. Further support for the mildly head injured group's maintained efficiency in the 
ability to retain and retrieve information learned over repeated trials can be demonstrated by 
res~lts of the recognition trial. Both the control and mild groups were better able to 
discriminate list A items from non-list A items, and made fewer false positive errors than 
the more severely head injured groups. This increased efficiency in list discrimination and 
fewer errors by controls has been demonstrated previously with severely head injured 
patients (Crosson et. al., 1988). Rather than explaining this finding purely as a retrieval 
deficit, this finding may suggest that the more severely head injured population tend to lose 
greater amounts of information than normal controls or mildly head injured patients in 
either the ability to encode or retain info1mation into long term memory. 
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Excessive intrusion errors have been hypothesized to reflect impaired differentiation 
of memory stores which leads to difficulty in screening out inaccurate information (Levin & 
Goldstein, 1986). In the present study, there were no group differences with respect to 
perseverations or intrusions across learning trials. After a delay, analysis of the total 
response output that was perseverations was significantly greater only for the moderate 
group as compared to the control, mild, and severe groups. The severe group did show a 
significantly higher proportion of intrusions than the controls, however the mild and 
moderate groups differed from neither. This finding is consistent with that of Crosson et. 
al. (1988) and Levin & Goldstein (1986), where severely head injured subjects 
demonstrated a higher percentage of intrusions compared to controls. Crosson et. al, 
(1988) in their study of severely head injured patients, suggested that semantic cueing may 
be a double edged sword, since intrusions increase in number after semantic cues are 
given. Results of the present study support this premise for severely head injured 
populations, however this has yet to be established in less severe head injury as their 
performance fell between the controls and severe group. Adding structured organizational 
strategies may well be an effective way to facilitate recall in mildly head injured 
populations. 
Previous studies have examined List B in the context of proactive interference, 
where learning from a previous list interleres with later learning of .a subsequent list. 
Furthermore, it has been suggested that items from a semantic category shared with a 
previous list are more subject to proactive interference (Delis et. al., 1987). In the present 
study, the severely head injured group recalled fewer List B words and had fewer clustered 
responses than controls, but the mild and moderate groups fell in between, significantly 
different from neither. There were no significant group differences found with respect to 
perseverations or intrusions on List B. Crosson et. al. (1988) demonstrated that control 
subjects were subject to proactive interference, in that interlerence was not found for List B 
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as a whole, but it did interfere with items on List B which were from the same semantic 
categories as List A The severely head injured group was not affected by proactive 
interference. Findings in the present study indicate that all groups were affected by 
proactive interference, showing recall of significantly fewer words on List B from 
categories shared with List A, as well as recalling more words from nonshared categ01ies. 
· The Memory Quotient score from the Wechsler Memory Scale showed that the each 
of the head injured groups had a lower MQ than did the control group, however this overall 
score did not discriminate between the head injured groups. The Information, Mental 
Control, and Visual Reproduction subtests discriminated between the severely head injured 
and control group. There were marginal group differences for the Digit Span and 
Orientation subtests. 
While previous studies have shown deficits in all aspects of memory functioning 
with a head injured population as measured by the WMS, the verbal learning and memory · 
measures (Logical Memory, Paired Associates subtests) appeared to be the more sensitive 
measures of memory dysfunction (Kear-Colwell & Heller, 1980). 
In the prese~t study, the moderately and severely head injured groups recalled 
fewer idea units than did the controls on the Logical Memory subtest of the WMS. The 
mild head injured group did not differ from the controls or the more severely head injured 
groups. All groups showed sensitivity to the semantic structure of prose passages, 
recalling more important inf01mation at a higher rate than less important info1mation. After 
a delay, low importance level information was forgotten at a slightly higher rate than.high 
and medium importance level information for all groups. Other studies (Haut, Petros, and 
Frank,1990; Vakil, Arbell, Gozlan, Hoofien & Blachstein, 1992) have examined the 
sensitivity to the semantic structure of prose in head injured patients. They found that 
although controls and patients with head injury recalled the most important idea units at a 
higher rate than less important idea units, head injured subjects lost a greater proportion of 
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high impo1tance level information after a delay. They suggested that although 
organizational processes were intact in both groups, the head injured subjects were less 
efficient in this process. The sample of head injured subjects in this sample did not 
demonstrate this reduced efficiency. 
Interestingly, results of the recognition tlial of the Logical Memory Subtest showed 
that control subjects were more accurate in their recognition of previously presented items 
than were head injured subjects, but there were no differences in performance between the 
different groups of head injured subjects. This finding is of interest, as the recognition trial 
of the CVL T showed clear differences between mildly and more severely head injured 
groups. An explanation for this discrepancy may lie within the nature of the task. First, 
the there are five learning tlials with the CVLT which provide repeated opportunities to 
learn the information. Second, provision of semantic cues may aid the subjects in the 
organization of information. The Logical Memory subtest, on the other hand, provides 
only one opportunity to learn the information. This finding has implications in terms of the 
encoding and retrieval of information from long-term memory, and would suggest that mild 
head injured patients may require several repeated tlials to adequately encode information 
before being able to retlieve information effectively from long-term memory. 
The ability of head injured subjects to form word associations was compromised 
when compared to controls. Control subjects were equally able to recall both easy and 
hard word associations, though head injured subjects were less able to recall hard word 
associations, both at immediate recall and after a delay. However, mild and moderate head 
injured subjects recalled more difficult associations than did the severe group, which 
suggests that performance on the hard word association task may be useful in determining 
the extent of cognitive impairment. 
One limitation of the present study was that empilical measures such as the 
Glasgow Coma Scale or Galveston Olientation and Amnesia Test were not available on all 
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subjects. Measures of estimates of the duration of post-traumatic amnesia were obtained by 
patient report and collateral sources. However, those subjects in the severely head injured 
group experienced a loss of consciousness for at least 7 days. Evidence also indicated that 
the mild head injured group clearly had a duration of PTA of less than one hour. The 
classification of subjects into the mild and severe head injury in the present study would be 
considered to be among the more conservative of those found in the literature. Some 
interpretive difficulty may be found within the moderate group's definition, however, the 
major focus of the present study was. accomplished in the comparison of mild and severe 
head injury. 
Divergent findings between the present study and previous studies should be 
examined in the context of the limitations of the present study. One problem with using 
clinical samples in research is the inability to assure that across studies, the groups are 
equivalent in terms of the severity of injury. There are several indices used for measuring 
the severity of injury including the Glasgow Coma Scale, estimates of post traumatic 
amnesia, and loss of consciousness. Classification of subjects into a level of severity may 
result in slightly different population parameters based upon which of the indices are used. 
A second problem involves the time between injury and testing. It has been established that 
p~tient's cognitive pe1formance after injury will improve over time. This factor could be 
one explanation for contradictory findings, such that across studies, subjects may have 
been tested at different times in their recovery period. 
In summary, findings in the present study confirm earlier findings that severely 
head injured patients demonstrate globally impaired memory functioning. The findings 
also documented situations where mildly head injured subjects demonstrated better memory 
performance than the more severe groups, and when mild head injured subjects 
performance was worse than that of controls. In general, the severely head injured group 
showed significant impairments in learning and memory across both quantitative and 
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qualitative measures (i.e. semantic clustering), demonstrating less effective learning 
strategies than.controls. The mild head injured group also displayed impailments on 
selected measures, however findings are less clear. This inconsistent evidence of impaired 
memory proq,!sses in the present study may be a reflection of the cmTent levels of disparity 
in the literature. 
The finding that survivors of severe head injury tend to have a more passive 
approach to learning than do normal controls has been well demonstrated (Levin & 
Goldstein, 1986; Crosson et. al., 1988). This passive learning strategy can be reflected by 
the low level of spontaneous clustering of semantically related words. Furthermore, it has 
been hypothesized that this deficient use of semantic memory may be related to the 
inclusion of extra-list words or intrusions in their recall. In the present study, the finding 
that the mildly head injured patients showed a higher level of clustering their responses 
after a delay indicate that mildly head injured patients tend to use a more active approach to 
learning when compared to severely head injured patients. 
Results of the present study suggest that verbal learning measures appear to be 
valuable diagnosti,c tools to detect performance differences in memory processes of head 
injured populations. Although the WMS Memory Quotient was able to distinguish in 
general, head injured patients from controls, it did not differentiate between the level of 
severity between groups. 
The finding that mildly head injured subjects show preservation of their ability to 
organize semantically related information has implications for the rehabilitation of memory 
deficits produced by mild head injury. Levin & Goldstein (1986) have suggested that the 
enhancement of recall in patients with severe head injury can be accomplished by 
presenting words belonging to categories as opposed to unrelated words, and that encoding 
these conceptual relations rather than phonemic qualities can exploit partially preserved 
semantic memory. This technique may also facilitate the initial learning of information for 
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mildly head injured patients. Differential petformance on the Recognition trial of the 
Logical Memory subtest and CVL T also has implications in developing compensatory 
strategies for head injured patients. As suggested earlier, mildly head injured patients may 
require more than one trial to adequately encode information for later retrieval. Teaching 
patients that overlearning information would promote more accurate retrieval and serve to 
decrease frustration associated with memory deficits. 
Future research in head injured populations should not ignore attempts at 
remediation or rehabilitation of head injured patients, especially those with mild head 
injuries. Case reports and small group studies of head injured patients have been published 
(Levin, 1989), but controlled clinical trials with specific remediation techniques have yet to 
be accomplished. Since mildly head injured patient's ability to organized information is 
more efficient than those with severe injury, they may benefit from specific remediation 
techniques to a greater extent than severely head injured patient. Establishment of universal 
definitions in the classification of brain injury would establish the groundwork for clinical 
research in this area. 
Lastly, the results of the present study support the utilization of the CVLT as an 
adjunct to other memory indices such as the WMS in the evaluation of head injured 
populations. In addition to distinguishing verbal memory deficits, it also provides valuable 




INFORMED CONSENT FORM 
The UND Psychology Department supports the practice of protection of human subjects in 
experimental research. The following information is provided so that you may decide if 
you wish to participate or not. You are free at any time dming the experiment to withdraw 
your participation for any reason whatsoever. Also, if you do decide not to. participate, 
such a decision will n not in any way prejudice your future relations with UND or the 
psychology staff. 
All information obtained in connection with this study will remain confidential and will be 
used for research purposes only. Data will be analyzed in group form and be used only 
with your permission. Subject numbers will be assigned to each participant so as not to 
identify any data with a particular individual. 
Pa1ticipants in this study will serve as a compatison group to a clinical sample of head 
injured adults. Participants will be administered several tests commonly used in 
neuropsychological assessment, including the Wechsler Adult Intelligence Scale-Revised; 
the Wechsler Memory Scale; and the California Verbal Learning Test. Test administration 
should take approximately 4 hours. In return for participation, participants will receive 
extra class credit. Potential benefits from this study include information regarding the 
differentiation of head injury and contributions to rehabilitation. 
The investigator will be available to answer any question you may have regarding this 
study. Questions may be answered by Paula Bergloff, MA (777-3451). 






ANALYSIS OF VARIANCE TABLES 
Table 19 
Analysis of Variance Table for Age. 
SOURCE ss DF MS F p 
Group 12.317 3 4.105 .0577 .982 
Within Groups 3986.667 56 71.191 Not Tested 
Total 3998.984 59 67.779 
Table 20 
Analysis of Variance Table for Level of Education. 
SOURCE ss DF MS F p 
Group 8.129 3 2.709 1.389 .255 
Within Groups 109.210 56 1.950 Not Tested 




Analysis of Variance Table for CVLT Leaming Trials (Correct Responses) 
SOURCE ss DF MS .F 
Group 7739.59 3 246.53 8.40 
Error 1642.96 56 29.34 Not Tested 
Trials 1076.81 4 269.20 147.81 
Group X Trials 60.41 12 5.03 2.76 
Error 407.97 · 224 1.82 Not Tested 






Analysis of Variance Table for CVLT Leaming Trials (Proportion Increase Across Trials) 
SOURCE ss DF MS F p 
Group .34 3 .11 2.50 .069 
Error 2.51 55 .05 Not Tested 
Ttials 6.98 3 2.33 26.23 <.0001 
Group X Trials 1.44 9 .16 1.81 .071 
Error 14.63 165 .09 Not Tested 
Total 25.90 235! .11 
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Table 23 
Analysis of Variance Table for CVL T Learning Trials (Perseverations) 
SOURCE ss DF MS F 
Group 14.32 3 4.77 1.34 
Error 200.03 56 3.57 Not Tested 
Trials ~1.05 4 12.76 6.78 
Group X Trials 13.91 12 1.16 .62 
Error 421.44 224 1.88 Not Tested 






Analysis of Variance Table for CVLT Leaming Trials (Proportion of Response Output that 
was Perseverations) 
SOURCE ss DF MS F p 
Group .02 3 .01 .3-8 .771 
Error .89 56 .02 Not Tested 
Trials .20 4 .05 5.60 <.0001 
Group X Tri_als .08 12 .01 .74 .710 
Error 1.99 224 .01 Not Tested 
Total 3.18 299! .01 
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Table 25 
Analysis of Variance Table for CVLT Leaming Trials (Intrusions) 
SOURCE ss DF MS F 
Group 7.48 3 2.49 1.72 
Error 80.96 56 1.45 Not Tested 
Trials 3.95 4 .99 3.26 
Group X Tdals 3.27 12 .27 .90 
Error 67.97 224 .30 Not Tested 
Total 259.29 2991 .87 
Table 26 
Analysis of Variance Table for CVL T Leaming Tdals (Proportion of Total Response 
Output that was Intrusions) 
SOURCE ss DF MS F 
Group .19 3 .06 2.30 







Trials .15 4 .04 9.02 <.0001 
Group X Trials .07 12 .01 1.29 .225 
Error .96 224 .00 Not Tested 
Total 2.89 2991 .01 
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Table 27 
Analysis of Variance Table for CVLT Leaming Trials (Clustered Responses) 
SOURCE ss DF MS F .p 
Group 518.09 3 172.70 6.24 .001 
Error 1550.88 56 27.69 Not Tested 
Trials 353.42 4 88,.35 37.39 <.0001 
Group X Trials 73.19 12 6.10 2.58 .003 
Error 529.39 224 2.36 Not Tested 
Total 5447.36 2991 18.22 
Table 28 
Analysis of Variance Table for CVL T Leaming Tlials (Proportion of Total Response 
Output that was Clustered Responses) 
SOURCE ss DF MS F p 
Group 3.22 3 1.07 5.16 .003 
Error 11.67 56 .21 Not Tested 
Trials 1.32 4 .33 10.00 <.0001 
Group X Trials .56 12 .05 1.42 .158 
Error 7.40 224 .03 Not Tested 
Total 24.17 2991 .08 
Table 29 
Analysis of Valiance Table for CVLT List B (Correct Responses) 
SOURCE ss DF MS F p 
Group 53.400 3 17.800 5.096 .0034 
Error 195.600 56 3.492 Not Tested 
Total 249.000 59! 4.22 
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Table 30 
Analysis of Variance Table for CVL T List B (Perseverations) 
SOURCE ss DF MS 
Group 3.600 3 1.200 
Error 20.133 56 .360 





Analysis of Variance Table for CVLT List B (Proportion of Total Response Output that 
was Perseverations) 
SOURCE ss DF MS F p 
Group .040 3 .013 3.294 .027 
Error .228 56 .004 Not Tested 
Total .269 59! .004 
Table 32 
Analysis of Variance Table for CVL T List B (Intrnsions) 
SOURCE ss DF MS F p 
Group 5.933 3 1.978 1.306 .282 
Error 84.800 56 1.514 Not Tested 
Total 90.733 59! 1.538 
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Table 33 
Analysis of Variance Table for CVLT List B (Proportion of Total Response Output that 
was Intrusions) 
SOURCE ss DF MS F p 
Group .115 3 .038 2.444 .074 
Error .8775 56 .016 Not Tested 
Total .992 59! .017 
Table 34 
Analysis of Variance Table for CVL T List B (Clustered Responses) 
SOURCE ss DF MS F p 
Group 2.6.733 3 8.911 5.528 .002 
Error 90.267 56 1.612 Not Tested 
Total 117.000 59! 1.983 
Table 35 
Analysis of Variance Table for CVLT List B (Proportion of Total Response Output that 
was Clustered Responses) 
SOURCE ss DF MS- F p 
Group .799 3 .266 4.978 .004 
Error 2.994 56 .054 Not Tested 
Total 3.794 59! .064 
96 
Table 36 
Analysis of Variance Table for CVLT (Proactive Inhibition) 
SOURCE ss DF MS 
Group 62.88 3 20.96 
Error 177:37 56 3.17 
Shared Category 85.20 1 85.20 
Group X Shared 8.05 3 2.68 
Category 
Error 100.50 56 1.79 
List .00 1 .00 
Error 67.77 56 1.21 
Group X List 8.98 3 2.99 
List X Shared Category 42.50 1 42.50 
Group X List X Shared 3.48 3 1.16 
Category 
Error 82.77 56! 1.48 













Analysis of Variance Table for CVLT Delayed Recall Trials (Con-ect Responses) 
SOURCE ss DF MS F 
Group 1278.75 3 426.25 10.51 
Error 2271.23 56 40.56 Not Tested 
Delay .82 1 .82 .64 
Group X Delay 4.35 3 1.45 1.13 
Error 71.83 56 1.28 Not Tested 
Test Type 64.07 1 64.07 34.93 
Group X Test Type 24.23 3 8.08 4.40 
Error 102.70 56 1.83 Not Tested 
Delay X Test Type .60 1 .60 .53 
Group X Delay X Test 1.43 3 .48 .42 
Type 
Error 63.97 56 ! 1.14 I Not Tested 



















Analysis of Variance Table for CVL T Delayed Recall Trials (Proportion of Highest 
Leaming Trial) 
SOURCE ss DF MS F 
Group 2.19 3 .73 7089 
Error 5:18 56 .09· Not Tested 
Delay .00 1 .00 .08 
Group X Delay .04 3 .01 1.41 
Error .59 56 .01 Not Tested 
Test Type .87 1 .87 26.41 
Group X Test Type .56 3 .19 5.68 
Error 1.84 56 .03 Not Tested 
Delay X Test Type .01 1 .01 .54 
Group X Delay X Test .01 3 .00 .31 
Type 
Error .60 56! .01 I Not Tested 
Total 11.89 239! .o5 I 
Table 39 
Analysis of Variance Table for CVL T Delayed Recall Trials (Perseverations) 
SOURCE ss DF MS F 
Group 4.95 3 1.65 2.54 
Error 36.37 56 .65 Not Tested 
Delay .20 1 .20 .51 
Group X Delay .31 3 .10 .26 
Error 22.23 56 .40 Not Tested 
Test Type 4.54 1 4.54 6.53 
Group X Test Type 6.31 3 2.10 3.03 
Error 38.90 56 .69 Not Tested 
Delay X Test Type 1.50 1 1.50 4.11 
Group X Delay X Test .75 3 .25 .68 
Type 
Error 20.50 561 .37 I Not Tested 



















Analysis of Variance Table for CVLT Delayed Recall Trials (Proportion of Total Response 
Output that was Perseverations) 
SOURCE ss DF MS F p 
Group .03 3 .01 2.92 .042 
Error .18 56 .00 Not Tested 
Delay .00 1 .00 .63 .433 
Group X Delay .00 3 .00 .19 .900 
Error .12 56 .00 Not Tested 
Test Type .03 1 .03 8.45 .005 
Group X Test Type .03 3 .01 2.91 .042 
Error .20 56 .00 Not Tested 
Delay X Test Type .01 1 .01 5.16 .027 
Group X Delay X Test .01 3 .00 1.25 .300 
Type 
Error .10 56! . 00 I Not Tested 
Total .71 239! .002 I 
Table 41 
Analysis of Valiance Table for CVL T Delayed Recall Trials (Intrusions) 
SOURCE ss DF MS F p 
Group 84.48 3 28.16 3.74 .016 
Error 421.77 56 7.53 Not Tested 
Delay .15 1 .15 .25 .616 
Group X Delay .88 3 .29 .50 .684 
Error 32.97 56 .59 Not Tested 
Test Type 40.02 1 40.02 9.33 .003 
Group X Test Type 22.68 3 7.56 1.76 .165 
Error 240.30 56 4.29 Not Tested 
Delay X Test Type 4.82 1 4.82 6.14 .016 
Group X Delay X Test 2.28 3 .76 .97 .413 
Type 
Error 43.90 56! .78 
Total 894.25 239! 3.74 
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Table 42 
Analysis of Variance Table for CVLT Delayed Recall Trials (Proportion of Total Response 
Output that was Intrusions) 
SOURCE ss DF MS F p 
Group 1.16 3 .39 4.29 .009 
Error 5.02 56 .09 Not Tested 
Delay .01 1 .01 2.01 .162 
Group X Delay .02 3 .01 1.45 .237 
Error .24 56 .00 Not Tested 
Test Type .09 1 .09 4.80 .033 
Group X Test Type .02 3 .01 .44 .726 
Error 1.03 56 .02 Not Tested 
Delay X Test Type .03 1 .03 4.69 .035 
Group X Delay X Test .02 3 .01 1.14 .342 
Type 
Error .32 56! .01 I Not Tested 
Total 7.96 239! .o3 I 
Table 43 
Analysis of Variance Table for CVLT Delayed Recall Trials (Clustered Responses) 
SOURCE ss DF MS F p 
Group 654.43 3 218.14 14.76 <.0001 
Error 827.53 56 14.78 Not Tested 
Delay 7.50 1 7.50 4.76 .033 
Group X Delay 2.30 3 .77 .49 .693 
Error 88.20 56 1.57 Not Tested 
Total 1579.96 119 ! 13.28 
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Table 44 
Analysis of Variance Table for CVLT Delayed Recall Trials (Proportion of Total Response 
Output that was Clustered Responses) 
SOURCE ss DF MS F p 
Group 4.96 3 1.65 11.90 <.0001 
Error 7.78 56 .14 Not Tested 
Delay .01 1 .01 .05 .830 
Group X Delay .59 3 .20 1.30 .282 
Error 8.48 56 .15 Not Tested 
Total 21.82 1191 .18 
Table 45 
Analysis of Variance Table for CVLT Recognition Trial (Correct Responses) 
SOURCE ss DF MS F p 
Group 81.267 3 27.089 6.829 .001 
Error 222.133 56 3.967 Not Tested 
Total 303.400 591 5.142 
Table 46 
Analysis of Variance Table for CVL T Recognition Trials <Error Types) 
SOURCE ss DF MS F p 
Group 45.16 3 15.05 3.83 .014 
Error 219.84 56 3.93 Not Tested 
Error Type 2.11 4 .53 .96 .428 
Group X Error Type 7.06 12 .59 1.07 :384 
Error 122.83 224 .55 Not Tested 
Total 397 2991 1.33 
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Table 47 
Analysis of Variance Table for WMS Information Subtest. 
SOURCE ss DF MS 
Group 13.650 3 4.550 
Error 58.933 56 1.052 
Total 72.583 59! 1.230 
Table 48 
Analysis of Variance Table for WMS Orientation Subtest. 
SOURCE ss DF MS 
Group 4.050 3 1.350 
Error 29.600 56 .529 
Total 33.650 59! .570 
Table 49 
Analysis of Variance Table for WMS Mental Control Subtest. 
SOURCE ss DF MS 
Group 26.983 3 8.994 
Error 173.600 56 3.100 
Total 200.583 59! 3.400 
Table 50 
Analysis of Variance Table for WMS Digit Span Subtest. 
SOURCE ss DF MS 
Group 32.333 3 10.778 
Error 230.267 56 4.112 















Analysis of Variance Table for WMS Logical Memory Subtest. 
SOURCE ss DF MS 
Group 4.70 3 1.57 
Error 14.78 56 .26 
Story .74 1 .74 
Group X Story .04 3 .01 
Error 2.35 56 .04 
Delay .94 1 .02 
Group X Delay .05 3 .02 
Error .91 56 .02 
Importance Level 14.67 2 7.34 
Group X Importance .34 6 .06 
Level 
Error 4.43 112 .04 
Story X Delay .06 1 .06 
Group X Story X Delay .04 3 .01 
Error .69 56 .01 
Story X Importance .08 2 .04 
Level 
Group X Story X .41 6 .07 
Importance Level 
Error 4.80 112 .04 
Delay X Importance .11 2 .06 
Level 
Group X Delay X .10 6 .02 
Importance Level 
Error 1.25 112 .01 
. Story X Delay X .01 2 .01 
Importance Level 
Group X Story X Delay .02 6 .00 
X Importance Level 
Error 1.09 112 .01 



























Analysis of Variance Table for the WMS Associate Leaming Subtest. 
SOURCE ss DF MS F 
Group 258.487 3 86.162 5.204 
Error 927.163 56 16.557 Not Tested 
Total 11.85.650 59 I 20.096 
Table 53 
Analysis of Variance Table for WMS Associate Leaming Subtest Across Trials. 
SOURCE ss DF MS F 
Group 3.00 3 1.00 5.41 
Error 10.34 56 .18 Not Tested 
Trial 3.43 2 1.72 64.03 
Group X Trial .14 6 .02 .88 
Error 3.00 112 .03 Not Tested 
Difficulty 11.32 1 11.32 117.78 
Group X Difficulty 1.89 3 .63 6.57 
Error 5.38 56 .10 Not Tested 
Tiial X Difficulty .84 2 .42 18.53 
Group X Trial X .02 6 .00 .17 
Difficulty 
Error 2.54 112 .02 Not Tested 













· Analysis of Variance Table for WMS Associate Leaming Subtest (Delayed Recall) 
SOURCE ss DF MS F p 
Group 2.55 3 .85 7.09 <.0001 
Error '6.73 56 .12 Not Tested 
Difficulty .28 1 .28 14.56 <.0001 
Group X Difficulty .06 3 .02 .98 .409 
Error 1.07 56 .02 Not Tested 
Delay 5.60 1 5.60 88.22 <.0001 
Group X Delay 1.29 3 .43 6.79 .001 
Error 3.56 56 .06 Not Tested 
Difficulty X Delay .10 1 .10 6.94 .011 
Group X Difficulty X .02 3 .01 .48 .700 
Delay 
Error .79 56 .01 Not Tested 
Total 22.05 239 .092 
Table 55 
Analysis of Variance Table for WMS Visual Reproduction Subtest. 
SOURCE ss DF MS F p 
·Group 330.29 3 110.10 5.55 .002 
Error 1090.78 55 19.83 Not Tested 
Delay 19.94 1 19.94 4.80 .033 
Group X Delay 29.17 3 9.72 2.34 .083 
Error 228.61 55 4.16 Not Tested 
Total 1698.79 1171 14.520 
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